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ADVERTISEMENT. . 



XN the Preface to the ^ Experimental In^ 
qairy into the Nature and Propagation ofHeatf 
I promised to resume that subject, and to ex- 
tend my researches into the relations subsist- 
ing between heat and moisture, which eluci^ 
date and confirm all the former deductions. 

As I was anxious to obtain still more accu- 
rate results, it became requisite to devise new 
experiments, and to procure apparatus of the 
largest dimensions, and of the most refined 
elaborate construction. Some of the obser- 
vations, it was necessary to repeat at different 
seasons; and the circle of my professional 
avocations, joined to that of the publications 
which I had connected with them, could liot 
fail to create delay, ^nd to suspend in part my 
application to experimental research. Several 
years have thus unfortunately gone by, with- 
out allowing me sufficient time to perform, in 
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the way which I had proposed, my original 
engagement. I have at length advanced so 
far, however, that I may hope to be able very 
soon to discharge that task. 

In the meantime, it seemed desirable for 
the advancement of science, to promote the 
circulation of several instruments founded on 
, my speculations, and to give the public more 
correct notions of their principle and their 
mode of operation. With this view, I was in- 
duced to draw up a concise statement, in as 
popular a form as the regard to accuracy 
would admit, but which, from the accumula* 
tion of materials, has swelled by degrees into 
ft volume. I have only farther to add, that, 
in order to avoid troublesome calculations, I 
have satisfied myself with citing round num-* 
bers ; but these, if not absolutely correct, are 
in general very near, approximations to the 
truth. 
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nPHE various phenomena of heat are most 
easily conceived, by referring them to 
the operation of a peculiar fluid, possessing 
extreme activity, and difiused through all 
bodies. This fluid exists, however, only in 
a state of combination, and never appears un- 
der a distinct and separate form. Thou^ 
subject, jfrom different causes, to partial der 
rangement, it constantly endeavours to reco- 
ver its equilibrium among adjacent bodies. 
Its accumulation in any substance is invari- 
ably marked by a corresponding expansion. 
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unless an absolute change of constitution has 

§ 

been induced. Thus, a lump of ice intensely 
cold, if exposed to a mild air, will regularly 
expand, till it begins to melt ; and during its 
conversion into water, it will suffer a material 
contraction, but, after this change, it will 
again dilate, jfrom the repeated accessions of 
warmth. In like manner, a bit of clay, though 
in the furnace it contracts. Scorn the expulsion 
of part of the water combined with it, will, 
on being withdrawn and suffered to cool, ex- 
pand by the application of any lower degree 
of heat than what it had before sustained. 

When the heat shared among bodies is 
mutually balanced, they are said to have the 
same temperature. But such balance or equali- 

» 

ty of temperature is far more quickly attain- 
ed in some substances than in others. Silver 
transmits heat more readily than platina, pla- 
tina than glass, and glass than loose down. 
This property, by which bodies are so wide- 
ly diversified, is called their conducting power; 
and it has a most extensive influence in the 
economy of nature* 
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Aiiiong different substances, too^ the rise 
of temperature is accompanied by very difie* 
rent d^rees of expansion. Air is found, in 
like circumstances, to expand 5 times more 
than alcohol, 20 times more than mercury, 
160 times more than platina, and even 580 
times more than glass. 

The thermometer is an instrument contrived 
to measure its own expansions, and conse» 
quently fitted, by its nice sensibility, to indi* 
cate the temperature of surrounding bodieSt 
Still the thermometer can mark only the heat 
of its own bulb^ as afiected by external com^ 
munication; and any farther inferences drawn 
from its different indications are merely the 
result of some process of reasoning. 

The primary source of heat is the sun, 
whose genial rays are partly detained in the 
atmosphere, and partly received at the surface 
of the land and of the ocean. The incessant 
addition thus made to the elementary fluid, 
varying with the latitude and the change of 
seasons, are speedily dispersed by the vehicle 
of aerial currents, and gradually absorbed into 
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the general mass of our globe. Yet this an- 
nual influx of heat, however important in its 
transient and superficial effects, must bear no 
comparison to the wide accumulated store, 
since in the course of ages scarcely any sensi- 
ble increase of temperature over the world 
has been distinctly ascertained. 

But, even after it has g^ned its equilibrium, 
the fluid of heat is not equally dispersed 
among bodies, or shared out in proportion to 
their quantities of matter. Had an opposite 
system obtained, no internal change of tem- 
perature could ever have taken place ; for, 
amidst all the mutations of form and condi- 
tion to which bodies are subject, their mass 
continues unaltered, and would consequent- 
ly retain the same measure of heat. In the 
actual constitution of things, a provision is 
happily made for those grateful alternations 
and interchange of elements, which enliven 
the face of nature. Heat combines with dif- 
ferent substances in proportions widely va- 
ried, and depending in each on its peculiar 
and intimate structure. In general, it is more 
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copious in liquids than in solids, and in the 
aeriform fluids than in liquids. But still the 
allotment among the different bodies, ap- 
pears to be as various as their distinctive 
properties. Under, similar circumstances, 
hydrogen gas will hold or absorb ten times 

as much heat, as ah equal mass 6f atmos- 

« 

pheric air ; water twice as much as olive oil, 
and three times as much as concentrated sul- 
phuric acid ; sulphuric acid, again, twice as 
much as glass ; and glass itself, twice as much 
as silver, and five times as much as mercury. If 
a poimd of water heated 30 degrees, be pour- 
ed into another pound of water, at the tem- 
perature of the apartment, the siurplus heat will 
become equally shared between the two mas- 
ses, the infused portion losing 15** of its 
heat, and the recipient gaining 15*^. But if a 
poimd of mercury, heated 30 degrees above 
the standard, be poured into ii pound of water j 
while both of these now acquire the same 
temperature, the mercury will lose 29 de- 
grees, and thie Water gain only one degree. 
Henpe, in the state of quiescence, mercury 
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Gontains 29 times less heat than water, and 
has its temperature 29 times more affect^ 
ed by equal accessions of that elementary 
fluid. But even the same substance^ if its 
form be mutable, will exhibit similar differ- 
ences, according to the aspect which it as- 
sumes. Thus, ice is more easily heated than 
water, »nd wirter than steam, "ae^me*!. 
dition of heat which would raise the temperar- 
ture of ice 10 degrees, would only raise that 
of water 9 degrees, and that of steam 6 de- 
grees. At each stage of transition, there is 
hence an apparent pause, attended with a 
corresponding absorption qt evolution of 
heat. 

Thus, if a vessel filled with ice, be sus- 
pended over a steady fire, the ice will con- 
tinue at the fi'eezing point, tiU, perhsqps in an 
interval of half an hour, it be entirely melt- 
ed ; it will then grow regularly warmer, till, 
^:er 40 minutes, the water begins to boil : 
nor will the temperature of the liquid now 
receive any farther increase, the subsequent 
accessions of heat being wholly expended in 
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the formation of the expelled steam^ and 
which would require the space of three hours 
and a half In the act of thawing, therefore, 
and again in the process of ebullition, there 
is a successive absorption of heat, amounting 
respectively to a difference of temperature in 
the water of about 75 and 525 of the centi- 
grade degrees^ or 135 Bnd 945 on Fahren-. 
heft's scale. But the heat thus absorbed is 
nowise distinguished from the rest, or fitted 
to perform any different function ; it blends 
its action and its expansive energies with the 
general fluid, and merely serves to restore 
the equilibrium that had been disturbed by 
the enlarged capacity, or rather the increas* 
ed attraction, of the mass with which it com- 
bines. 

A similar expence of heat invariably at- 
tends the conversion of water into the gase- 
ous state of vapour, by whatever powers that 
transformation is effected. Thus, dry air 
brought in contact with moisture, will at- 
tract it to some point of saturation, or will ab- " 
fiorb a certain portion of the humidity, and as-. 
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similate (Ms with its own substance ; and such 
action is greatly augmented, either by raising 
the temperature of the medium, or by re^ 
ducing or withholding the atmospheric pres- 
surie. The application of warmth invigo- 
rates the dissolving power of the air, while, 
by distending the particles of the subjected 
water, it facilitates the passage into vapour ; 
and the diminution or removal of the incum- 
bent weight of the atmosphere produces a si- 
milar effect, by giving a freer or less restrain- 
ed play to the repulsion of the liquid par- 
ticles, and hence assisting indirectly the at- 
traction of the solvent medium. On this 
principle, depends the consumption of heat 
and the consequent reduction of temperature, 
occasioned by the evaporation of liquids which 
are exposed to the access of dry air. 

The evolution or absoiption of heat, and 
thence the raising or lowering of the general 
temperature, must therefore be the result of 
every change in the constitution of bodies, 
whether it belongs to the class of physical or 
of chemical phenomena. In the case of mix- 
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tuie or solution, the eSect is limited and 
merely transient ; but where a process of de- 
composition goes forward, the discharge of 
heat is copious and continued. Thus, if sul- 
phuric acid be poured upon water, there will 
appear a remarkable evolution of heat, as the 
capacity of the dilute acid so.formi^ is less 
than the mean capacity of both its compon 
nents. Again, nitre or sal ammoniac, dis^ 
solved in water, occasions an absorption of 
heat or a depression of temperature, because 
the capacity of the saline solution is greater 
than the intermediate capacity of the wateir 
and of the salt. ' Such extrication or abstrac-^ 
tion of heat is, however, a single act, and caa 
produce only a momentary change of tenir 
perature in the mass affected. But when the 
united streams of oxygen and hydrogen gases 
are inflamed, or when charcoal is burnt, in 
contact with atmospheric air, there is a con- 
tinual and profuse emission of heat ; for, 'm 
both cases, a decomposition is carried on, and 
its effects are incessantly renewed, the oxy- 
gen and hydrogen gases forming steajfn, which 
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has less capacity, and the union of the chsr- 
coal changes the pure portion of common air 
into carbonic gas, whose capacity is likewise 
much lower. On the other hand» a perpetual 
absorption of heat is caused by the evapor^ 
tion of liquids exposed to the free circulation 
of dry air, from the increased capacity of the 
invisible exhalations drawn from them' and 
dissolved in the aerial medium. This-de- 
pression of temperature, though it can be 
supported for any length of time, is in most 
cases, however, confined within very mode- 
rate limits. In general, the m^,ns' within 
our reach of procuring the discharge of heat 
are of a nature far more powerful than those 
which occasion its absorption, or the seeming 
production of cold. 

The gaseous substances are so loosely con-* 

Mituted, t^at a difference in their composi* 

« 

tion is sufficient to altpr materially their inti- 
me^te properties. Thus, common air, on being 
condens^ 30 times, has its capacity for heat 
reduced to one half; and, if suddenly com- 
pressed to 20 times its ordinary density, it 
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ViP disengage so much heat as to show on 

elevation of temperature equal to 900 degrees 

I by Fahrenheit's scale, and sufficient for the 

{ inftammation of most bodies. On this pro- 

^ perty, is founded a pretty contrivance lately 

I made in France, the stroke of a small con-* 

densing S3aringe being employed to set on 

i^e a bit of tinder. An opposite effect, when 

air is suddenly rarefied, takes place ; a certain 

quantity of heat being now absorbed, or an 

apparent cold produced. 

ate more<«ed capacity of rarefied drUAe 
true cause of the cold which prevails in the 
hi^er r^ons of the atmosphere* From the 
unequal action of the sun's rays and the vi- 
cissitudes of day and night, a perpetual and 
quick circulation is maintained between the 
lower Bnd the upper strata } and it is obvious, 
thiat, for each portion of air which rises lErom 
the si|r&ee, an equal and corresponding por<- 
don must also descend. But that which mounts 
up, acquiring an enlargement of capacity, 
has its temperature proportionally diminish- 
ed } while the correlative mass falling dowii 
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carries likewise its heat along with it^ and, con- 
tracting its capacity, seems to diffuse warmth 
below. A stratum at any given height in the 
atmosphere is hence alike affected by the 
passage of air from below, and by the return 
of air from above, the former absorbing heat, 
and the latter evolving it. But the mean tem- 
perature at any height in the atmosphere is 
stiU on the whole pem^anent, and consequent- 
ly those disturbing causei^ must be exactly ba- 
lanced, or the absolute measure of heat is 
really the same at all elevations, suffering 
merely some external modification from the 
difference of capacity in the fluid with which 
it has combined. That temperature is hence 
inversely as the capacity of air possessing the 
rarity due to the given altitude. Having 
therefore ascertained, by some delicate expe- 
riments, the law which connects the capacity 
with the rarity of air, it was . not very diffi-* 
cult to trace the gradations of cold in the 
higher atmosphere, and even to mark the 
precise limit where the reign of perpetual 
congelation must commence. Thus, I find 
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J thdt) tinder the equator, the boundary of the 
^ frozen region begins at the altitude of 15207 
^ feet, in the parallel of 45'' at 7671 feet, in 
the latitude of London at 5950, and in that 
^ of Stockholm at 3818, while towards the pole 

it comes to graze along the surface *. 
• It is curious to examine the mode by which, 
heat is conducted through substances differ- 
ently constituted. In the case of solid bodies, 
there can be no actual transfer of the heated 
particles, but these must alternately receive 
•and deliver their successive impressions. If 
heat be applied, for instance, at one end of 
a cylinder of metal, wood, or glass, which 
communicates at its other end with some ex- 
tended tnass, a regular descending gradation 
of temperature will soon be established along 
the whole chain of connection. But if ^ch 
intermediate portion of the conductor were, 
during its action, to preserve unvaried the 
temperature which it had once acquired, 'no 
transfer of heat whatever could obtain. Each 



* See Elements of Geometry, pp. 495 and 496. 
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sriccessive space into which the cylinder is 
distinguished, must therefore undergo a cer* 
tain limited oscillation, to excess and defect 
from the state of equilibrium, thus partiaUj 
dilating and again contracting, and at each 
alternate act receiving from the anteJrior por- 
tion a minute excess of heat, which in the 
ne%t it delivers to the succeeding one« A 
series of connected internal vibrations must 
hence keep shooting along the whole chain of 
communication, and the rate with which the 
heat is conveyed by this tremulous excite-' 
ment and successive transfer, will depend 
chiefly on the extent and the celerity of each 
elementary vibration. 

Hat when the conducting medium is a 
fluid9 the mobility of the particles affected 
will so darange the mode of operation, as al- 
most entirely to change its nature. The 
proximate portion of the medium, dilating 89 
it becomes warmed^ is gently forced to re- 
cede ; and being likewise rendered specifi- 
cally lighter, it rises to the surface. The heat 
then quickly spreads through the buoyant 
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fiubstance in horizontal strata^ the hotteist 
particles occupying the highest place^ and the 
rest arranging themselves according to their 
respective temperatures* Thus, if a hot body 
be plunged in water, a portion of the heat is 
gradually absorbed by the surrounding liquid, 
and transmitted by successive fits through the 
internal mass, in the same manner as if this 
had been congealed into solid ice. The re* 
maining portion is discharged by the slow re^ 
cession of the heated particles, or the per-* 
pendicular motion produced by their mutual 
distension. The subsequent difiusion of this 
heat, which is made to descend by the sue-* 
cessive transfer of' minute diflTerences from 
stratum to stratum, is performed very tardily 
and with extreme difficulty. Tbe lower part 
of the liquid acquires in general but a very 
small share of the heat retained near the top. 
Hence it is, that very deep collections of 

r 

water exposed to the variable influence of thef 
suii and sky, are always found to have their 
bottom greatly colder^ and their sur&ce 
warmer, than the n>ean temperature of the 
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cliniate. The superficial portion, dilated by 
the action of the summer's heat, continues 
p^sively to float, without much affecting tb 
mass below ; but, when it has felt the rigour, 
of winter, it undergoes a contraction of vo- 
lume with a corresponding increase of den- 
sity^..4md it sinks downwards in this chilled 
state. During all the changes of tempera- 
ture which supervene, and while the inter- 
nal communication through the mass appears 
so tardy and imperfect, there hence is an obvi- 
ous tendency to accumulate warmth at its sur- 
face, and to precipitate the opposite impres- 
sions. Accordingly the bottoms of profound 
lakes are uniformly and iiftensely cold. The 
same p«Terty b not indeed ol»erved in deep 
open seas, because the various currents and 
heaving tides by which these are agitated, isto 
effectually intermix the different portions of 
water, as in some degree to equalize their 
temperature. Near extensive banks, how- 
ever, where the interchange between the 
higher and the lower strata becomes again 
impeded, no such equality seems to prevail ; 
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and the increasing coldness of the water 
drawn up from considerable depths in the 
ocean has lately been proposed as a sure mark 
of the approach of soundings, if not of the 
land itself. 

Since water, on being heated, expands 
in a rapid progression, the portion of heat 
which it abstracts from a body immersed in 
it, by means of the recession and incessant 
change of its contiguous afiected particles, 
m^ust be greatly augmented in the higher 
temperatures. Near the freezing point, this 
influence becomes extremely small, and water 
is there scarcely a better conductor than ice } 
but, as it approaches to ebullition, it acquires 
such an increase of mobility, as to conduct 
heat five times faster than in its torpid state. 
In otlier liquids, the increase of temperature 
will occasion a similar alteration of the con- 
ducting powers, though not so marked, as 
their expansions deviate less from an uniform 
progression. 

. But, through air and other gaseous fluids, 
the conveyance of heat is still more com- 

B 
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^x; md\ close mvestigaUcm of that pjo- 
cfi9B^ by unfolding certain latent poperties 
of matter^ has led to some very unexpact^ 
fsd and interesting results. A new principle 
appears tp combine its influence^ and the rate 
of dispersion! in aeriform media* is found to 
depend chiefly on the nature of the mere 
heated surface. From a polished metallic 
surface heat is feebly emitted j butt from s 
stuiace of glass* or still better from one of 
paper, it is discharged with profusion^ If 
two equal baUs of thin bright silver* one 
of them entirely uncovered* and the other 
sheathed in a case of cambric* be filled 
with water slightly warmed, and then sijush 
pended in a close room* the former will lose 
only 11 parts of its heat in the same tiine 
that the latter will dissipate 20 parts. Of 
this e^qpenditure, 10 parts from each of the 

balls is.communicated in the ordinary way* by 

< 

the slow recession of the proximate particles 
of air, as they come to be successively heat-^ 
ed. The rest of the heat, consisting of 1 part 
from the naked metallic sur&ce* and of 10 



^ 
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parts from the owed sur&ce, is pr<^>agBted 
tlu^ough the s^wne medium, biit with a certain 
difiusive repidity, which in a moment i^oots 
it$ influ^ce to a distance, after a mode en« 
tirely peculiar to the 'gaseous fluids. Hie 
very superior propellent energy of a sur&oe 
of glaM or paper in comparison of that of a 
metaQie one, lies within the compass even of 
ordinary observation* If a glass caraffe or a 
pot of porcelain be filled with boiling water, 
on bringing towards it the palm of the hand, 
an agreeable warmth will be felt at the dis<- 
tance of an inch or two ^-om the heated sur* 
fiice ; but if a silver pot be heated in the same 
way, scarcely any heat is at all perceptible on 
.ppro.M=hing the surfbee, tiU d. finger. We 
almost touched the metal itself 

It is curious to inquire how such a singular 
diversity can arise* If the silver ball be co* 
vCTed with the thinnest film of gold-beater's 
skin, and which exceeds not the 3000th part 
erf an indi in thickness, the power of disper^ 
sion will be augmented from 1 to 7 ; if an- 
other peUicle be added, lliere will be a farther 
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increase of this power, from 7 to 9 ; and so 
repeatedly growing, till after the application 
of five coats, when the propellent energy will 
reach its extreme limit, or the measure of 10. 
Ill this case, the metallic sur&ce is precluded 
from all contact with the air, and it must, there^ 
fore, act in consequence of its mere approximar- 
tion to the external boundary. We may thence 
infer, that air never copies into actual contact 
with any siuface, but approaches much nearer 
to glass or paper than to polished metal, from 
which it is separated by an interval of at leas^t 
the 500th part of an inch. A vitreous surface, 
from its closer proximity to the recipient 
medium, must hence impart its heat more 
copiously and energetically, than a surface of 
metal in the same condition ; and the metal, 
to a certain extent, can act in reducing the 
power of the other. When a pellicle was 
applied, the metallic surface immediately un- 
der it repdDed partially the atmospheric boun- 
dary, and reduced the darting efflux of heat 
from 10, which would have been thrown by 
the skin alone, to about 7, or only 6 more 
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than the efficacy of the; naked metal. The 
repelling influence of the metallic plate was 
sensible even under four coats, or at the dis- 
tance of the 750th part of an inch from the 
external surface. 

By what process the several portions of heat^ 
thus, delivered to the . atmosphere, shoot 
through the fluid mass, it seems more diffi-^ 
cult to conceive. : They are not transported 
by the streaming of the heated air, for they 
i^uflTer no derangement from the most violeut 
agitation of their medium. The air miist 
therefore, without changing its place, disse^ 
minate the impressions that it receives of 
^^eat, by a sort of undulatory commotion, or 
a series of alternating pulsations, like those 
by which it transmits the impidse of sound. 
The portion of air next the hot sur&ce, sud- 
denly acquiring heat from its vicinity, ex- 
pands proportionally, and begins the chaii^ 
of pulsations. In again contracting^ this 
aerial sheU surrenders its surplus heat to the 
Que immediately before it, and which is now 
in the act of expansion ; and thus the tide of 
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heat rolld onwgrds^ and spreads ttsdU" on fifl 
sides. These vibratory impressionsr are not 
strictly darted in radiating lines^ bat each 
successive pulse, as in the case too of sound, 
presses to gain an equal difiusion. Diffi^eiit 
obstructions may, therefore, cause the undu- 
lations of heat to deflect considerably jfifom 
their course. Thus, if successive rings of 
pasjteboard be Cushioned into the twisted foirm 
of a cornucopia^ and its wide mouth present^ 
ed at some distance to the fire, a strong heat 
will, in spite of the gradual inflection <^ the 
tube, be accumulated at its narrow end ; in 
the same manner probably, as waves, flow« 
ing from an open bay into a narrow harbour^ 
now contracted and bent aside, yet without 
being reflected, rise into furious billows* 

But the same pulsatory system will enable 
the atmosphere to transmit likewise the im^ 
pressions of cold. The shell of air adjacent 
to a firigid surface, becoming suddenly chUled^ 
suffers a corresponding ccmtraction, and which 
must excite a concatenated train of pulsations* 
This contraetk>n is followed by an immediate 
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&Lpuuioia, whidb wkhdrswi ft portion of h«8t 
fiom the nekt succeeding lAeU, itself now ui 
Uie act of cootroc^ing j and the tide of ap^ 
^Hurent cdidy or tather of defident heat, fdioette 
forwaids with difiusire sweep* The energy 
of tranamiftsion is subject in this caie alio/ to 
the raJDoe modifications from the nature of 
the adlected 0urfiice< Thus, a goblet filled 
' with pieces of broken ice« or still better with • 
frigorific mixture composed of snow and sah^ 
wiU^^at a moderate distance, yet seem, chilly 
but a «lV«r pot, filled with a similar mixture,* 
will not oool the hand, till k has become pio^ 
iiuely covered with dew, and therefore now 
pvetents a nonMnetallio surface^ 

Bat die same quality by whidh a suf^actf 
propels the hot or cold pulses, equally fits k^ 
under otiier ciiscumstances, to receire their 
impressions. 1£ a vi^*eous surface 8end» fortjbi 
its heat the most copiously, it will also, wfaeii 
opposed to tl^ tide, arrest with entire efficacy 
the affluMt wave ; and if, on the other hand, 
a surftee of metal sparingly parts with its; 
heitt, it in like manner detains only a small 
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share of each appulse, and reflects all the rest 
The power of superficial absorption and that 
of reflection are therefore exactly contrasted, 
and the one always supplies the deficiency of 
the other. The naked bulb of a thermome-* 
ter held near a goblet fiill of boiling water, 
will mark a very sensible afflux of heat ; but 
if it be gilt or covered . with tinfoil, it : will 
scarcely seem at all aifected* For the same 
reason, the hand cased in a glove of burnish- 
ed metal may approach the fire with impuni*^ 
ty, since the vehement pulsations of heat are 
mostly driven back, or turned aside fix)m their 
attack. A sheet of paper, opposed to the 
aerial tide, will absorb the whole impression, 
a pane of glass will repel about one-tenth 
part, while a plate of pohshed silver will re- ; 
fleet nine-tenths of the heat, detaining only 
the remaining tenth. But if the metallic 
plate be covered with a pellicle of the SQOOth 
of an inch in thickness, out of 10 parts of 
heat no more than 3 will be reflected, the 
rest being now absorbed ; and by applying 
successively other pellicles, till a coat equal 
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to the 500th of an indi in thickness has been 
formed, the quantity of reflection will gradu- 
fHy become insensible. The power of a me-^ 
tallic speculum in concentrating at its focus 
y the pulses of heat or cold is hence very strik* 
I, ing, while the corresponding effects of a glass 
i mirror seenr to be extreniely feeble. 
I llie very difi^rent powers of a vitreous 
and of a metallic surface in propagating or al>* 
aorbing the pulsations of heat^ are well con^ 
trasted by an experiment of the simplest and 
easiest kind. Let a small pane of glass about 
four inches square have one of its sides half 
covered with smooth tinfoil ; or, what is more 
aidant, let a small square of thin mica have 
one side gilt half over with silver leaf. On 
bedding the partly covered surface of the glass 
or mica opposite and very near the fire for the 
space of a few seconds, and then passing the 
finger lightly over the posterior surface, scarce- 
ly any warmth is perceptible under the me- 
taUic sheath, but an intense degree of heat 
will be felt behind the naked portion of the 
platQ« Again, reversing its position and ex« 
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posing the uncovered side to the fire> an 
posite^ though less marked effect is obsenred; 
die coat of metid will become sensibly hot 
than the adjacent naked space ; because 
heat absorbed along the interioir ^m^Buse 
ing afterwards more feebly disdharged 
the tin or silver leai^ is allowed to accumi 
in diat part of the screen. In thii» latter casc^j 
the difference of temperatttte produced ia 
nearly the double, and in the former it ia afj 
less than tenfiild. But effects of the aan^l 
kind^ and which are alike contrasted, thoti^ 
inferior in degree, will be perceived, if a l±mi 
pellicle be spread over the compound surfius^ 
of the glass and tinfoil, or of the mica and nb 
ver leaf, the mere proximity^ of the metaUia 
surface repelling the atmosphere, and conswM 
quently enfeebling the powers of absorptidt 
and emission. 

The vety singular and unexped:ed facts ncm 
detailed merit attention, and suggest a variety 
of improvements in the practical managemetife 
of heat A vessel with a bright metallic sui^ 
&ce is the best fitted to preserve liquors eillHSr 
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kmg warm^ or as a oooaervatMry to kee^ them 
eooL A sUvcHr pot will emk dcaro^ly balf as 
match heat as one odT pofc^kitt ; and even the 
s^tuy slightest vamiidbhig of gold^ platina ot 
lilvefi which oomittunicates to the ware a cet^ 
Jdu metaUic gloss, renders this new kind 
i£ manu^su^titre about one^thitd part more 
toumtive of heat The addition of a coveiv 
^ of ftttinel, though indeed a slow con- 
jiuetor^ far from checking the dissipation 
of beat^ has directly the ^^ontrary tendency ; 
for it presents to the attaoaphere a surfece of 
mucii greater propulsdve ebetgyj whidi it 
weald require a thickness of not fewer than 
ihtee fi>Ida of this loose substance fu% to 
sotinterbaknce^ The cylinder oi the steam^ 
SDgine has latdy been most advantageotvily 
ihtethed with poHsdiied copper. ^V 

The progress of pooling 16 yet more re^ 
tatded, by aunoundihg the heated vessel oa 
lU tid0St at the distance of near an inch| 
with a catie of planished tin ; and the addi-^ 
iiioii oio^MX cases, SolUfwrng at Uke mterruls^ 
augmfOMi tfOotiBuaUy ih^ e£^et With an 
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ebstructidn of one case, the rate of refirigen 
tion is 3 times slower^ with two cases it isi 
times slower, with three cases it is 7 tisu 
slower, and so forth^ as expressed by the sue 
cession of the odd numbers. By multiplyioj 
the metallic cases, therefore, and disposuj 
them like a nest at regular intervals, the ii 
nermost could be made to retain the am 
temperature with Uttle variation for maoj 
hours or even days. Such an apparatus wouli 
obviously be weU calculated for various cxA 
nary and domestic purposes. 

In the conveyance of heat by means o 
steam, the surface of the conducting tube 
should have a metallic lustre. On the coi 
trary, if it be intended by that mode to wail 
an apartment, they should be coated on tl 
outside with soft paint, to &cilitate their di 
charge of heat. For die same reason, m 
tallic pots are more easily heated on the fii 
after their bottoms have become tarnished i 
smoked. K a bright sur&ce of metal 1 
slightly ftirrowed or divided by fine fluting 
it will emit heat sensibly faster, because tl 
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prominent ridges,. thus brought closer to the 
general atmospheric boundary, will excite the 
pulsations with augmented energy. 
- On the other hand, a plate of metal, how-, 
ever thin, if only burnished on each side, 
qirill form the most efficacious screen. A 
Mmooth sheet of pasteboard, gilt over both 
iftides, would answer the same purpose. But 
% complete aud elegant screen might be com- 
^posed of t^fo parallel sheets of China paper, 
^[ilaced about an inch asunder, and having 
their inner surfaces gilt, and their outsides 
^rinkled with flowers of gold and silver. 
-^ Since, in a still atmosphere, the momentary 
:flow of heat from any vessel, whatever this^ 
Ibiay contain, depends merely on the condi- 
tion of its sur&ce, the whole accumulated 
discharge, during similar descents of tempe- 
rature, is evidently proportional to the time 
/elapsed. Hence a very simple and accurate 
»JLod is ^.ggested, Zr JLning U. e. 
pacity of different liquids or their specific at* 
traction to heat. Into a glass ball, two or 
jnore inches in diameter and blown extremely 
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Uiio, with t DARoiir short nedc^ tod lumn 
deUoAte thermonMcr ]iiMrt«d througjt 
the liquid to be exttiiiiiedf whidh had b 
previous wwmed » few degrees, iseareft 
introduced by meeas of a fimneL The i 
is then made to rest agtinst the taper 
points of three slender glass rods at 
height of several inches abore the tablet i 
shdtered from any irr^ular agitation of 
air of the apartment by a large recei 
passed over it. The number of seoo 
which the thermometer now takes to c 
from one given point to another, or to 
middle of its distance from the limiting t 
perature, is noted by help of a stop-wat 
and the ball being thorou^ly emptied 
again successively filled with other liqu 
the like observations are repeated Tfc 
aeveral intervals of time, all^owing a sli 
oorrection for the matter of the shell it 
and of the inserted bulb of the themiome 
will consequently ^press the proportio 
quantities of heat contamed in equal bl: 
of the successive liquids. But their densi 
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nag already known, it is hence easy to com^ 
^oXb their respective capacities, or the quan-» 
lies of heat which equal weights of them 
r<e capable of containing. By a process 
minded on the same principles, the capacL- 
^ of a solid^ when broken or reduced to 9 
;;ross powder, may be determined. 
^ The s£|.me regulated mode of cooling will 
rerve to detect with precision the expend!^ 
we of heat, an4 to discrimi»ate its various 
lUotment, in the different gaaes. For this 
j^urpose, a ball of about three inches in dia^ 
meter, ai)d formed of bright and very thin 
iUyer, is. preferable ; and it may be success 
lively covered with ^ pellicle or with cambric, 
>r painted with a coat of ivory4)lads:. Not to 
QOHiltiply unnecessary details, it will perhaps 
^e deemed sufficient to cite the ca^e of hy-r 
drogen jgas, which is by far the most distin-* 
jpiished^ The portion of heat emitted in this 
energetic species of gas by the sy sti^n of pul-* 
sAtionsy whether from a vitreous or a metallic 
sur&cCjt if not f^iactly, is very n^ly the same 
aa in j4;piiospheric air ; but that other portion 
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which is abstracted by the gradual r 
of the nearest heated particles of the fluk 
exceeds no less than four times the crnie 
sponding discharge in the ordinary mediuin 
Why such a striking difference should ari^ 
can hardly be conjectured. Hydrogen gq 
though ten times lighter than air, yet cod 
tains, in the same volume, an equal quantity 
of heat ; and it is fitted, by its very superki 
elasticity, to transmit the pulsatory impres' 
sions more than three times faster. It muili 
therefore, as a counterbalance, receive thoie 
impressions three times slower from the heat- 
ed surface. But if such influence be confinali 
as it would seem most probable, to tk 
mere boimdary of the medium or its thinnest 
conterminous sheU, the measure of heat iift- 
bibed at a given rise of temperature from the 
attenuated expanse, would be diminished be- 
tween two and three times. This mutual 
compensation of effect nearly agrees with the 
actual result With respect to the quadru- 
pled increase of that portion of heat which is 
abstracted by the slow but continued renewal 



TO HEAT AND MOISTURE. 33 

of the adjacent stratum of die fluid, we must 
refer it chiefly to the very great mobility of 
hydrogen gas, exceeding three times that of 
common air» If these strata were supposed 
to have in both cases the same thidbiess, they 
would each of them carry off the same share 
of heat 

The portions of heattransmitted by pulsation 
through hydrogen gas, from a painted and a 
metallic surface, being, as before, expressed re- 
spectively by 10 to 1, the other portion, which 
is altogether independent of the nature of the 
cooling surface, and is dispersed by abduction, 
'or the incessant retreat of the strata of the 
-fluid as they come to be successively affect- 
ed, wiH amount to 40. Under like circum- 
stances, therefore, the whole expenditure of 
heat from a painted and a metallic surface, 
and whidi in atmospheric air was denoted by 
20 and 11, will in hydrogen gas be represent- 
ed by 50 and 41. Those opposite surfaces 
are thus less contrasted in a medium (^hydro- 
gen gas, their different rates of discharging 
heat being nearly in the proportion of 5 to 4. 

c 
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The silver ball cased with cambnc, cools ^ 
times faster, if immersed in hydrogen gas; 
but when exposed naked in the same fluid, it 
loses its heat almost four times as fast as in 
common ain 

The superior mobility of hydrogen gas ac- 
celerates remarkably the dispersion of heaty 
by the process of abduction* But the exposing 
of a heated body to the action of any cur- 
rent of a fluid substance, will occasion a simi- 
lar expenditure of heat, and which is exact 
ly proportioned to the celerity of the streangu 
If a very large bulb of a thermometer be sud- 
denly plunged into water flowing at the rate of 
one-third of a mile in the hour, it will be found 
to lose its beat twice as fast, as when immersed 
in the stagnant pool ; and a current of two 
miles in the hour would, therefore, cause 
through the liquid a dissipation of heat no 
less than seven times more rapid than usual, 
A similar acceleration of eflfect is produced, by 
the impulse of a stream of air. With a velo- 
city of about four miles in the hour, the su- 
peradded influence of a current equals the or- 
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' dinary power of abduetion. Hence the play 
» of a breeze of eight miles an hour will double 
f the rate of cooling from a painted, and will tri- 
ple that from a metallic, surface ; but a wind 
sweeping with a velocity of forty miles in the 
I hour, would accelerate the cooling of the paint- 
a ed surface six times, and that of the metallic 
i one no less than eleven times, thus bringing 

■ them both near an actual equality of perform- 

■ ance. Iiji general, the hourly velocity of wind 
' might be computed, by niultiplying eight 

miles into the proportional surplus effect ex- 
erted in the refrigeration of a vitreous or 

painted surface. ' 

. * 

But even in still air, if the body ex-» 
posed to its action have a very consider^ 
able elevation of temperature, the progress 
of cooling will be sensibly quickened, by the 
continual ascent of the heated portions of the 
mediutn, and which form in fact » stream, 
varying in force according to the intensi- 
ty of excitement. Supposing the excess of 
temperature to be 30 centesimal degrees, or 
54 by Fahrenheit's scale, this gentle per- 
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pendicular flow of heated air will congoi 
an influence equal to the ordinary abd 
tive dispersion of heat, and therefore cor- 
responding to that of a current whidi moves 
at the rate of four miles an hour. Hence^ 
if the silver ball be 90 centesimal degreeil 
hotter than the encircling air, the eflfect 
the vertical stream is tripled, or the aggre- 
gate expenditure, from the painted and firom 
the naked surface, will be expressed by 50 and 
41, the dissipation arising from the increased 
flow of the medium amounting in each ef 
them to 30. By a singular coincidence^ this 
proportion is precisely the same as what ob- 
tains near the equilibrium of temperature in 
an atmosphere of hydrogen gas. But hydro* 
gen gas betrays in its own constitution still 
greater modifications. At the same elevation 
of 90 centesimal degrees of temperature, the 
combined powers of cooling which it exerts 
on the contrasted surfaces, are expressed by 
170 and 161. — -It would be fatiguing, how- 
ever, to pursue this intricate analysis much 
farther. 



y 
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■^ The meteorological phenomena cm which 
NJ the nature of climate chiefly depends, are 
t, more immediately connected, however, with 
the relations of air and moisture. The var 
pour which exhales from the surface of our 
globe, and rises into the atmosphere, is again, 
by the operation of certain disturbing causes^ 
precipitated in the form of clouds, dew and 
rain, or of snow and haiL To discover the 
disposition of the air with re£|)ect to mois* 
ture, is therefore a problem of great import- 
ance ; and an instrument which should at any 
time indicate with facility and precision the 
actual state of the medium in regard to hu- 
midity or dryness, must be considered as a 
valuable acquisition to science. But the act 
of evaporation itself, from which all those VBr 
rious appearances derive their origin, is at^ 
tended by two distinct circumstances that 
seem to offer the means of constructing such 
en instrument,— the dilatation imparted to 
the ambient medium, — and the depression 
of temperature produced on the humid sur- 
face 
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1. Steam, in whatever way it is formed, has 
probably, double the elasticity of common air, I 
or it would, raider the same pressure, occupy | 
about twice as much space. In uniting with that I 
fluid, it must hence communicate an expansion 
which is exactly proportioned to the quantity 
dissolved, or to the portion of moisture requir- 
ed : for . the complete saturation of the air. 
This principle appeared to suggest the means 
of constructing an accurate ' Hygrometer'^ ^ to 
which my researches had been early directed. 
Inverting a small barrel tumbler, I ground 
the mouth perfectly flat ; and having drilled 
a hole through the bottom, I cemented into 
it, a sort of syphon gage or slender recurved 
tube with a narrow bore, passing thi'ough a 
perforated cap of lead, and holding a portion 
of nut oil tinged with alkanet root, a scale 
being affixed with divisions corresponding to 
the 10,000 parts of the ordinary elasticity or 
pressure of the air. Having now spread a few 
drops of water over the surface of a bit of plate 



* From vy^tif moist or humid, and (*H'^f, a measure. 
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glass, and slipped the tumbler upon this, the 
included air quickly dissolved as much mois^ 
tiu^ as was sufficient for its saturation, and 
marked the expansion thus acquired^ by forc- 
ing the column of oil to rise proportionally* 
The quantity of effect was often very consi- 
derable, amounting in fine weather to 100 or 
120 degrees. This little apparatus satisfied 
my expectation, but, as it always required a 
certain portion of address, I soon abandoned 
it fot other instruments, which promised to 
be more easily and readily managed. With 
some modification, however, it would prove 
very serviceable in a variety of delicate phy- 
sical inquiries, by detecting the minutest al- 
terations of volume which take place in the 
union of different substances, and thus point- 
ing out the curious and extended influence 
of chemical action. 

2. But the process of evaporation has 
not been hitherto examined with atten- 
tion, or its consequences rightly understood. 
The depression of tiemperature which al- 
ways accompanies it, has been hastily sup- 
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posed to be proportional to the rate 
which the moisture is dissipatedf and tol 
be therefore augmented by every circamJ^ 
stance that can accelerate this effect If wa^lc 
ter contained in a porous vessel, expose qbm] 
all sides its surface to a current of air» k! 
will cool down to a certain point, and these 
its temperature will remain stationary. Hie 
rapidity of the current mufit no doubt hasten 
the equilibrium, but the degree of cold thus 
induced will be still the same. A little re- 
flection may discover how this takes piaoe. 
Though the humid surface has now ceaaed to 
grow colder, the dispersion of invisible va- 
pour, and the corresponding abstraction of 
heat, still ccmtinue without intermission. The 
same medium, therefore, which transports the 
vapour, must also furnish the portion of heat 
required for its incessant formation. In fact, 
after the water has been once cooled dowur 
each portion of the ambient air which comes 
to touch the evaporating sur&ce must, from 
its contact with a substance so greatly denser 
than itself, be likewise cooled down to the 
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BJne standard^ and must hence communip* 
Site to the liquid its surplus heat^ or the 
iiFeren^e between the prior and the subse^ 
tient state of the solvent, and which is pr<>- 
U3rtioned to the diminution of temperature 
t has suffered. Every shell of air that in 
mccession endrcles the humid mass, while 
t absorbs, along with the moisture which 
t dissolves, the measure of heat necessary 
;o convert this into steam, does at the same 
nstant thus deposite an equal measure of 
ts own heat, on the chill exhaling sur** 
:ace. The abstraction of heat by vaporiza- 
tion on the one hand, and on the other its 
deposition at the surface of contact, are, 
therefore, opposite contemporaneous acts, 
which soon produce a mutual balance, and 
thereafter the temperature induced continues 
without the smallest alteration. A rapid cir- 
culation of the evaporating medium may 
quicken the operation of those causes ; but^ 
BO long as it possesses the sam6 drying quali- 
ty, it cannot in any degree derange the re- 
sulting temperature. The heat deposited by 
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the air on the humid sur&ce becoines thi cl 
an accurate measure of the heat spent in w t 
porizing the portion of moisture required J c 
the saturation of that solvent at its lowesdl i 
temperature. The dryness of the air is thi 
fore, under all circumstances, precisely indl t 
cated, by the depression of temperature pnt ( 
duced on a humid surfs^ce which has been^en ( 
posed freely to its action. 

In this investigation, we have only consider 
ed the effect arising from the recession or tibe 
quickened transfer of the contiguous portiom 
of the ambient medium. But the contermi- 
nous air must besides communicate heat to 
the water by pulsation ; and consequently tk 
balance of temperature would be liable to in* 
cidental variations, if moisture, with its un- 
bodied heat, were not likewise abstracted bj 
some corresponding process. And such is the 
harmonious adaptation of these elements. The 
discharge of vapour appears to be subject 
precisely to the same conditions as the emisr 
sion of heat, and in both cases the proxi- 
mity of a vitreous or a metallic surface pro- 
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^duces effects which are aitirely similar. Let 
Mwo pieces of thin mirror-glass, or what is 
BEcalled Dutch plate, be selected, about four 
v^ inches and a half square ; and having applied 
k a smooth coat of tinfoil, four inches square, 
i- to one of these^ cover them both with a layer 
\ of the thinnest goldbeater's skin, which will 
I adhere closely on being wetted, and after it 
has again become dry, cut it on each into an 
ti exact square of four inches and a quarter: 
p Now place the two glass plates horizontally 
i in the opposite scales of a fine balance, and 
r adjust them to an exact counterpoise: then, 
with a hair pencil, spread two grains of wa- 
ter over the surface of each pellicle : in a 
few seconds, the plate which is coated with 
tinfoil will preponderate, and after the former 
has lost all its moisture, this will be found 
to retain still three-^tenths of a grain. The 
proximity of the subjacent metal to. the hu- 
mid surface, therefore, impedes the process of 
evaporation, in the ratio of 17 to 20; the very 
same, as in like circumstances, had been the 
retardation of the efflux of heat. From this 



• • • 
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and other experiments, we leam^ that 
ponstant portion from a humid surface is 
ways abstracted by the pulsation of the 
medium. The steam exhaled, in uniting 
the air, communicates to this elastic fluid 
sudden dilatation, which will continue to p 
pagate itself in successive waves. 

Nor is the mode of transmission, by the 
play of alternate pulses, confined to heat and 
moisture alone; smells would appear to 
conveyed through the atmosphere by a siini* 
lar agency. It is well known that, thou^ 
the wind disperses widely the odorous parti 
des, yet their scent will, to a certain way, pe- 
netrate even against the current. Nay, th€ 
action of smell may, by means of a tapering 
tube, be concentrated on the nostril, nearly 
afier the same manner as the impressions oiP 
aoimd are collected and heightened in the ear- 
trumpet. Having spread musk over a circular 
bit of pasteboard, I placed it a few inches be- 
fore a small metallic reflector, in the focus of 
which was suspended a glass bulb covered with 
cambric, and another similar bulb set an inch 
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^Iftside from it : In a few minutes, these were • 

^ both examined, and the one which had oo 

' l»pied the focus smelt more strongly of musk 

' than the c^er. The experiment was next 

varied, by stretching across the speculum a 

' sort of chiq)let of pea-blossoms, marked with 

slight incisions ; on presenting a smsll disk 

of pasteboard covered with dry ammonia, the 

* blossoms became of a greenish hue where- 

ever the juices transuded, but the colour was 

^ evidently the most intense near the focus. In 

these cases, the odorous substance must, in 

the act of dissolving in the air, have excited a 

sort of pulsatory impression like that which is 

caused by the production of sound. The only 

difference appears to lie in this, that smeU and 

moisture, consisting of matter sensibly ponde. 

rable, somewhat resemble wrecks floating on 

the waves, and are consequently not carried 

forward with the same accuracy, or to such a 

great distance, as heat, which possesses the 

inherent and extreme subtilty of light itself 

Having therefore ascertained the great law 

of evaporation, and shown that the cold- 
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ness occasioned by it, is not, in any degreeyl) 
affected by agitation or other extraneous 
influence, nothing seemed wanting to cxm* 
struct an Hygrometer on just principles, but 
to contrive a thermometer that should mark 
the smallest alterations of temperature. At 
first I employed a very delicate thermometer 
with a short range, open at the top, wheie 
a small cap of glass or ivory was attached. A 
cup made of thin porous earthen-ware, nearly 
of the shape of a lady's thimble, but some- 
what larger, and filled with water, was expos- 
ed to the air, while the thermometer lay be- 
side it in an horizontal position. (See Jig. 4.J 
Aft;er a few minutes, the thermometer was 
lifted up and plunged vertically into the cup ; 
and the thread of quicksilver, which had ex-? 
tended through the whole length of the bore, 
being, by this change of position, cut off at 
the top of the tube, immediately contracted, 
and marked, by the space of its descent, the 
diminution of temperature in the liquid. 

On a larger scale, but altogether iinconsci- 
ous of the true principle, thp natives of the 
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snore sultry climates have long practised the 
cmethoiLof artificiaUy cooling their Uquors by 
ixneans of evaporation. The rude species^of 
kpottery so common among such people, could 
■not fail to suggest the appUcation. The Moors 
iintroduced into Spain those unglazed earthen 
I jugs, named bucaros or alcarrazas^ which, be- 
ing filled with water, present to the atmo- 
sfphere a surface constantly humid, and iur- 
nish by evaporation, during the dry and hot 
weather, a refreshing beverage. The same 
practice has been adopted by degrees in vi^ 
rious parts of the south of Europe. In In- 
dkf during certain months, the apartments 
are kept comparatively cool, by dashing wa- 
ter against the matting of reeds or bamboos^ 
which line the doors and the outside of the 
walls. Even the more luxurious mariners, 
in their voyages between the tropics, are ac-' 
customed to copl their wines, by lapping 
the bottle with. wet flannel, and suspending 
it from the yard or under the cabin-windows. 
In all . such cases, , the effect is accelerated, 
though . not . augmented, by the swiftness of 



however, where the battle is pla 
on, in consequence of the confined 

must be enfeebled. In damp weat 
essels are entirely useless, 
mode above described, for discove 
^ness of the air, though suscepl 
iderable precision, yet, as it always 
a sort of manipulation, was not q 
bory ; and, in meditating farther on 
. I was led to the invention of the j 
? Thermometer, an instrument extra: 
le in its construction, and of singi 
n various delicate physical researcl 
[deed only a modification, thougl 
sential one, of the air thermome 
lig of a recurved or double stem ] 
ter U, terminated by two hoi 
lich contain air, and holding an int 



iipk balls be warmer than the othei 

inedl urged by the increased elasticil 

weaik will descend proportionally on tl 
reason why I prefer such a fixe* 

oveB rous liquid as sulphuric acid, i 
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If the ball of the differential thermdmeter 
that serves as a reservob of the liquid, be gih 
completely with thick silver leaf, this modi- 
fication will form the Pyroscope* ; an instru^ 
ment which is adapted to measure the piilsa- 
tory commotion of the air, or the intensity 
of the heat darting continually from the fire 
into a room. The hot pulses are mostly 
thrown back from the bright metallic surface^ 
but, upon the naked ball of glass, they pro- 
duce their full impression, and consequently 
make the coloured acid to sink proportion^ 
ally in the stem. In this construction, the 
light of the fire, which is always comparatives 
ly 'feeble, passing through the diaphanous 
ball, and being reflected from the brilliant 
convexity of the other, has no disturbing ift. I 
fluence. The calorific action marked by thd 
pyroscope diminishes, on receding from the 
fire, in the ratio of the square of its dis^ 
tance ; yet such is the sensibility of this in- 
strument, as to be still affected at the re- 



* From irv^9 JirCf <uid rM^ftm, I examine. 
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« 

ifl motest part of the room. Placed thexelbre 

1 at the same given distance from any grate^ it 

2 wiU indicate the absohite force of the fire, 

* 

2 or will measure the tide of heat which flows 
i into the apartment. The faciKty of making 
i observations <^ this kind may^ it is evident, 
be of considerable use in various practical 
concerns. To insure the accuracy of the in- 
strumenty however, the metallic coat should 
be very careiully applied, and no external 
trace left of the size which is employed to 
fix the silver leaf. The ordinary modes of 
gilding and enamelUng are insufficient. 

But (he pyroscope will mark likewise the 
pulsations from a cold surface. In a warm 
room, it is visibly affected at a few inches 
fiom m earthen jug filled with water just 
drawn from the well. A sheet of wet paper 
stretched before the counteracting balls, will 
also, when the atmosphere is tolerably dry, 
produce, from its chilled surface, a certain 
corresponding impression. 

This instrument serves besides to confirm 
the existence of the hot or cold pulses excited 
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in the air. Having procured a cone of pla- 
nished tin, with the top cut off, near 6 inches 
wide at the mouth, and about 14 inches long 
it was divided, in the direction of its axis, 
into two equal portions, the inside of eac^ of 
them being painted with lamp black. Turn- 
ing one of these semi^nes towards the fire, 
and setting in its narrow neck the naked or 
sentient ball of the pyroscope, the impression 
was increased from 20"", its direct and unaid- 
ed effect, to 25* ; but, on adapting likewise 
the other half of the cone, it rose to no less 
than 70''. Now if such augmentation of heat 
were occasioned by any internal reflections, 
the effect would only be doubled in the com- 
plete cone, or carried from 25 "* to 30®. ITiis 
great accumulation must, therefore, be re* 
ferred to some other source; and what can 
appear more probable as the cause, than the 
gradual concentration of the aerial pulsations, 
in their advance to the ball of the pjo-oscope? 
*^IBf the differential thermometer have one 
of its balls diaphanous, and the other coated 
with China ink, or rather blown of deep black 
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enamel, it will become a Photometer''^ ^ and in- 
dicate the comparative force of the light to 
which it is exposed. The rays which fall on 
the clear ball pass through it, without suffer- 
ing obstruction ; but those which strike the 
dark ball are stopt and absorbed at its sur- 
face, where, assuming a latent form, they act 
as he^rt This heat will continue to accumu- 
late, till its farther increase comes to be coun- 
teracted by an opposite dispersion, caused by 
the rise of temperature which the ball has ac- 
quired. At the point of equilibrium, there- 
fore, the constant accessions of heat derived 
from the action of the incident light, are ex- 
actly equalled by the corresponding portions 
of it, again abstracted in the subsequent pro- 
cess of cooling. But, in still air, .the rate^of 
cooling is, within moderate limits, propor- 
tioned to the excess of the temperature of a 
given surface above that of the surrounding 
medium. Hence the space through which" 
the coloured liquid sinks in the stem, will 



* From (^t$ Ughtf and fUl^ff a measure. 
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measure the momentary impressicms of light 
or its actual intensity. To prevent any ex- 
traneous agitation of the air from accdbn- 
ting the discharge of heat at the surface of the 
blade ball, and thereby diminishing the quan- 
tity of aggregate effect, the instrument is al. 
ways sheltered, and inorie especially out taf 
doors, by a thin glass case. The addition of 
this translucid case is quite indispensable. It 
not only precludes all irregular action, but 
maintains^ aroimd the sentient part of the in- 
strument, an atmosphere of pei^petual calnL 
Under die same force of incident light, the 
temperature of the black ball must still rise 

* 

to the same height above that of its encii^ 
ding medium. The case will evidently have 
some influence to confine the heat actually 
received, and hence U^^warm up the internal 
air. Wherefore, corresjponding to this excess, 
the black ball will acquire a farther eleva- 
tion of temperature j but tlie clear ball, being 
immersed in the same fluid, must experience 
a similar effect, and which will exactly coun- 
terbalance the fomier. The difference of 
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tem^rature between the opposite balls thus 
coDtmues unaltered; and neither has the size 
or the shape of the case^ nor the variable state 
of the exterior atmosphere with respect to 
rest or agitation^ any influence whatever to 
demnge or modify the results exhibited by 
this delicate instruments The photometer 
exhibits distinctly the progress of illumina^ 
tion fiom the morning's dawn to the full vi- 
gmxr of noon, and thence its gradual dedine 
till evening has spread her sober mantle ; 
it marks the growth of light from the wintei^ 
solstice tathe height of summer, and its sub* 
sequent decay throu^ the dusky shades of 
autumn ; and it enables us to compare, with 
numerical accuracy, the brightness of diti^ 
i^ent <:ountries,--*tfae bnUiamt sky of Italy, for 
instance, with the murky air of Holland, 

But, with respect to photometrical obser- 
vations, I have not yet had opportunities for 
collecting a sufBx^i^it body of facts. ^ In the 
latitude of Edinburgh, the direct impression 
of the sun at noon, during the summer sol- 
stice, amoimts to 90 degrees ; but it regular- 
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\y declines, as his rays become more obiiqiie< 
At the altitude of ll"", it is already reduced 
to the one half; and at S'' above the horizon 
the whole effect exceeds not one degree. In 
the same parallel of latitude, the greatest 
force of the solar, beams, m the depth of 
winter, measures only 25 degrees. Their 
diminished vigour . is evidently caused by 
the dispersion and absorption which th^ 
must suffer in their protracted slanting pas* 
sage through the atmosphere. Between a 
foiulh and a fifth pisurt of the whole light of the 
sun is lost in a vertical descent to the surface 
of the earth ; but, in our insular sky, a thin 
haze, even during the finest weather, gene- 
rally floats near the horizon, and the succes* 
give Waste corresponding to each equal num- 
ber of aerial particles which a very oblique 
ray encounters in it£r track, will often amount 
to the third. 

Of the quantity of indirect light which is 
reflected fi-om the sky, we are apt to form a 
false estimate, in consequence of its being so 
much attenuated by diflusion. But, though 



f 
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^e&lxemely fluctuating, it is often very consi- 
■derabla In this climate, it may amoubt to 
iSO or 40 degrees in summer, and to 10 or 15 
in winter. This secondary light is most 
epowerfid when the sky is overspread with 
thin fleecy clouds ; it is feeblest in two very 
different conditions, — either when the rays are 
obstructed by a mass of thick congregated va- 
pours, — or when the atmosphere is quite clear 
and of a pure azure tint. In mists and low fogs, 
the diminution of the light is comparatively 
small, it being then affected more from indis^ 
tinctness than through any want of intensity. 
When the sky is obscured by a dense body 
of clouds, the darkness seems to be much in- 
creased in proportion to the obliquity of the 
Bolar rays. In summer, the photometer, 
placed in the open air at noon, seldom or ne- 
ver marks less than 10 degrees } but, in some 
of those sable-shrouded days, which, in this 
remote region, deform die winter, I have re- 
peatedly observed, that the whole effect, un- 
der similar circumstances, did hardly exceed 
even one degree. 
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Jn the hi^er r^ons of the eimo^phmi 
the rays of .the sun, Dot being impaired b} 
such a length of passage, are more vigofon^ 
than at the surface of the earth ; but the M 
fuse indirect light of the sky^ as it is reflected 
from a rarer mass of air, is therefore propor- 
tionally feebler. It would be most int^resi* 
ing, to make observations of this kind on the 
lofty summits of the Alps or the Ande& 
The traveller who visits those elevated Umtai 
is struck with the dark hue of the aeure fat' 
pause, through which his keen eye may^ evcsB 
during the day time, discern the brighter pb- 
bets and some staars of the first magnitude. 

When the photometer stands quite detacb 
ed out of doors, it must evidently receive the 
rays which come from all sides. But set ia 
the inside of the window, it dan only feel the 
impression caused by a part of the dky ; and 
iinless it chance to front the quarter from 
which the sun shines, it will there seldom in- 
dicate more than 15 degrees. On drawing 
the instrument back into the room,^the effect 
wiU rapidly decrease ; for the intensity of ae- 
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^-Cion & cdjviously proportional to the visual 
^ upace included by the window. Near two 
I 'degrees of light are required, to enable one 
' to read or write with pleasure; a greater por- 
I kion of it offends by its excessive glare, and a 
. inusch smaller quantity tires and strains the 
eyes. 

Placed in op^i air, the photometer is not 
lonly affected by the light sent from the sky, 
iMit also, in some measure, by what is reflect^ 
lad frcmi the ground. This derangement, how-- 
.ever, is generally very smaU, and may easUy be 
excluded altogether, by fixing a blade screen 
or circular horizontal rim about the glass-case 
liear the top of the scale. The reflection from 
a gteen field perhaps exceeds not the twen- 
ttieth part of the whole incidence ; but it in-' 
ceases considerably as the colour inclines 
to whiteness. From a smooth sandy beach,. 
4he reflected light will amount to the third 
part of what is received from the sky ; and 
Jkom a wide sur&ce of snow, it will reach to 
five^ixths of the direct impression ; the nu- 
merous facets of the bright snowy flakes^ 
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Which are presented in every possible ^ 
sition, detaining only one^ixth of the inci- 
dent rays, and scattering the rest in all di- 
rections. 

The photometer affords a ready mode of 
ascertaining the various degrees of transpa- 
rency. Of 100 parts of the whole incident 
light, cambric transmits 80, and, when wetted, 
93< Fine paper suffers 49 parts to pass 
through it; but, soaked in oil, it will allow 
the passage of 80 parts. The wide dispersion 
which the rays suffer in traversing paper and 
other like substances, clearly shows that they 
are not sent directly through the supposed 
vacuities or pores, but escape by some intricate 
tracks, and experience in their progress various 
deflections occasioned by the repulsive and 
attractive energies of the proximate matter. 
The addition of water or oil to the cambric or 
paper, forms a real chemical union, and be- 
stows on the compound an intermediate cha- 
racter, more nearly inclined however to the 
nature of a fluid. 

By help of the photometer, we can esti- 
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mate the rdative density of various artificial 
lights, and even compare their power of iUur 
mination with that of the solar rays. But 
into this inquiry, however practically useful, 
I have scarcely entered at all. On placing 
the balls of the photometer two inches from 
the flame of an ordinary wax candle, an im- 
pression was received of six degrees; and, on 
gradually drawing back the instrument, this 
effect diminished, as we might expect, in the 
ratio of the square of the distance. Conse- 
quently, at the distance of four feet, where thq 
flame would present to the photometer the 
same visual magnitude as the sun himself, it^ 
action would be reduced to the 96th part of a 
degree. But the full impression of the solar 
rays, if not enfeebled by their passage througl^ 
the atmosphere, would amount to 125 de^ 
grees. Wherefore the light emitted by the 
sun is 96 times 125, or 12,000 times more 
powerful than that of a wax candle ; or, if ^ 
portion of the luminous solar matter, rather 
less than hplf an inch in diameter, were trans- 
ported to our planet, it would throw forth a 
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blaze of light equal to the effect of tw^e 
thousand candles. 

Since the operation of the photometer d& 
pends, on the mutual balance of the actioti of 
light, with its subsequent effort to difiRise it- 
self in the latent form of heat, this instrumcsit 
is hence fitted to discover, with delicate pro* 
cision, the relative conducting powers, not 
only of different gases, but of the same gas 
in its various states of modification. While 
the absorption of the incident rays continues 
the same, the change of temperature which 
they produce on the sentient ball must be in 
the inverse ratio af the energy of the refrige- 
rating process. Under an equal degree of a1> 
sorption, a metaUic surface is twice as much 
aflected as one of glassy because, by its con- 
stitution, it cools twice as slow. If the rar- 
rminding mediuioqi conduct the accumulated 
heat more tardily than before, the impressicm 
made on the opaque ball will be augmented j 
or if, on the contrary, it performs the disper- 
sion with more rapidity, the efiSect will be 
proporticmally diminished. 
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. For tbe investigaUo. of the conducting 
powers of different media, I prefer a photome* 
I ter of the simplest kind, being no other than a 
1 differential thermometer with straight upright 
: stems, and having its sentient ball blown of 
black glass, or coated with a leaf of coloiured 
metal. Set on the transferrer of an air-pump, 
it is then covered by a narrow receiver, of a 
clear uniform substance, and swelling regu-^ 
larly near the top. .The included air can thus 
be rarefied to any required degree, and other 
gases occasionally introduced in its place. In 
this state, the instrument is exposed to a 
bright sun, while another photometer, of the 
ordinary construction, and placed in a simi- 
iar situation, serves to measure the correspond 
ding effects. 

While the comparative photometer indi- 
cated 100 degrees, the impression made in air 
which had been rarefied 256 times, amounted 
to 185 on the ball of black glass, and rose 
even to 620 on a coat of coloured metal. In 
such a thin medium, therefore, the heat is 
conducted nearly tvrice as slow from a vitre* 



^4 RELATIONS OF AIR 

ous surface, and more than three times slower 
from a metallic one. But, in hydrogen gu d 
the common density, the effect, compared 
with the same standard, was only 44 d^reei 
on a black baU and 56 on a gilt balL Hiis 
gas hence conducts more than twice as £u( 
as atmospheric air from a surface of glaoy 
and ahnost four times faster from one of me* 
taL The same gas being rarefied 256 times, 
its impression on the black ball was 96 de- 
grees, and on the gilt one 156, being mcie 
than doubled in the former, and almost tri- 
pled in the latter* If the rarefaction be there* 
fore pushed to a certain length, hydrogen gtt 
will have its conducting power reduced to 
nearly the same as that of common air. 

The photometer has two general forms; 
the one portable^ in which the black ball is 
about an inch higher than the other, and bent 
forward to the same vertical line or the axis 
of the translucid cylindrical case, (see Jig. %); 
and the other ttationary^ having both its balls 
of the same height, and reclining in opposite 
ways ; the case being composed of a wide cy« 
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^ lihder stirmoiinted by the larger s^ment of a 
f hollow glass sphere. (See Jig. S.). The portable 
" photometer admits likewise an outer case of 
' ^bony or mahogany, which not only protects 
it from risk or injury, but occasionally serves 
when out of doors for holding it in an erect 
position. The other form of the instrument, 
however, though in some respects leis com- 
modious, is yet on the whole better adapted 
fbr nice observations, since besides receiving 
the light more regularly, its balls, from being 
on tlie same leviel, are not liable to be any 
how disturbed in their indications by the dif- 
ferent strata of unequally heated air. 

But the sensibility of the photometer may 
be very considerably augmented, by help of 
a judicious combination of cases. If the black 
ball be encircled by a series of concentric 
shells of glass, though they freely admit the 
influx of li^t, yet they will greatly retard 
its subsequent dispersion in the form of heat, 
and therefore promote a high degree of ac- 
cumulation. Nor is the impression thus ex- 
cited «t all disturbed or diminished, by any 

E 
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counteracting efforts of the clear hall, whid 
being situate without theinclosure and in open 
space, maintains the temperature of the atmo- 
sphere. These spherical shells, each compos- 
ed of two adapted segnients, are chosen as 
thin and clear as possible, their diameters ris- 
ing in regular succession, by a difference of 
at least half an inch. Every additional case 
would nearly double the impression whick 
is made on the instrument. With six cases, 
therefore, it would become ten times more 
sensible, and consequently fitted to measure 
the dilute shadings of light. The extent of 
the scale must necessarily be contracted in 
proportion to the enlargement of the degrees. 
There is still another photometrical combir 
nation, but which is calculated only for mea- 
suring parallel rays. It consists of a small 
reflector niade of copper plated with silver 
and nicely hammered into a deep parabolic 
figure, the black ball of a wide differential 
thermometer being fixed in the focus, and 
the fi-ont of the speculum covered with a circle 
of clear glass having a slight degree of con- 
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i vexity. This compound insrtxument, placed 
II at the remote side of a room and directly 
l facing the window, will indicate, with great 
I precision, the very minute and variable quan- 
tities of light which, during all the changes 
of the seasons and fli^ctuations of the sky, will 
penetrate across an apartment. 

The ball of the differential thermometer 
which contains the supply of coloured liquid, 
being covered with several coats of cambric 
or tissue paper, and wetted with pure water, 
the instrument now forms a complete Hygro^ 
meter ; for it will mark, by the descent of the 
column in the opposite stem, the constant di- 
minution of temperature which is caused by 
evaporation from that humid surface, and it 
must consequently express the relative dryness 
of the ambient air. In a very short space, sel- 
dom indeed exceeding two minutes, the full 
- effect is produced ; and under the same cir- 
cumstances, it will continue unaltered, till the 
whole of the moisture has exhaled. To exr 
elude entirely the mixture of photometrical 
influence, or prevent any derangement which 
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the dctiofi ^ ]t^ might otherwife oceniieii^ 
tibe o{^(«He bsUs are toa^e to tahtbtt s^j 
tbe same o^wr and opaqity, the naked bat 
being hhwn of green or Uue glass, oiid the 
meted one besides covered mth * Wt 6f 
thin silk^ of rather a Hght sbade^ ao as Id 
take a deeper tint when moiartenecL 

Tbe hygromeiter has, like tbe photometer, 
two different forms j tbe one potiable^ and 
the other stationary. The former, having ks 
baUs in the same perpiendiculnr line^ is pro^ 
tected by a case of wood or ivory, and fitted 
for carrying in the pocket; two or three drbpi 
of pnre water from the tip of a quill or a hatr 
pencil bmng applied to the surfece of the co* 
vered ball, and the instrument held in a ver-* 
tical position as often as it is used. fSeeJig.6.J^ 
The latter form is calculated for somewhat 
greater accuracy than tbe other, since its balls, 
though bent opposite ways, are on the same 
level. In this construction of the instrument^ 
the covered ball, after being once wetted, is 
kept constantly moist, by means of some 
fibres of floss-silk passing close over it, and 
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I immeraed^ at the distance of a few indws m 

I a tall glass decanter full of watet^ with a stop* 

it per which leaves open a small projecting lip. 

i {See jig. 5. J. The capillary attraction of these 

i i^aments conveys the liquid to the. surface of 

I the humid ball, as &8t as it wastes by evapo4 

ntiod , but to insate d>e» »g.l«r «:t>o„, tba 

silk should be previously sodked in hot water, 

to extract any gum that may adhere to it^ 

« 

and the mouth of the decanter £^uld stand 
a liltLe higher than the balls of the hygrome^ 
ter. When thus arranged^ the hygrometer 
will, wiliKHit any help, perform accurately 
fin: weeks or even, mionths ; and after the 
silky filaments have become choked with 
dust, their activity may be again restored by 
washing them careftdly with a fine wet 
brush. 

The condition of the atmosphere with re- 
flqpect to dryness is extremely variabla In 
oar dimate, the hygromet^ will, during win*- 
ter, mark fr<xm 5 to 25 d^ee^ ; but, in the 
summer, months, it will genetadly range be^ 
tween 15 and 55 degrees, a,nd majr even ris^ 
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on sotne particular days as high as 80 or 90 
degrees. In thick fogs, the instrument stani^ 
almost at the beginning of the scale ; it coifr 
monly falls before rain, and remains low da- 
ring wet weather ; but it mounts powerfuDj 
in continued tracts of clear and waxm wea- 
ther. The greatest dryness yet noticed j was 
at Paris in the month of September, when it 
reached to 120 degrees. But for w«it of 
observations, we are totally unacquaiiited 
with the real state of the air in the remote 
and tropical climates. 

When the indication of the hygrometer 
does not exceed 15 degrees^ we are directed 
by our feelings to call the air damp ; from 80 
to 40 degrees we begin to reckon it dry ; from 
50 to 60 degrees we should account it very 
dry, and from 70 degrees upwards we niight 
consider it as intensely dry. A room is not 
comfortable, or perhaps wholesome, if it has 
less than 30 degrees of dryness ; but thetkt- 
mosphere of a warm occupied apartment wiH 
commonly produce an effect of upwards t)f 
501 degrees* 
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f But this hygrometer will perform its office 
It even if it be exposed to frost The moisture 
I spread over the surface/ and imbibed into the 
, coat of the papered ball, will first cool a few 
i degrees below the freezing point, and then 
I congeal quickly into a solid compound mass* 
, The moment m which congelation begins, a 
; . portion of heat hberated in that act brings the 
ball back to the temperature of freezing, and 
the coloured liquor, in proportion to the cold- 
ness of the external air, starts up in the oppo- 
site stem, where it remains at the same height, 
till the process of consolidation is completed. 
After the icy crust has been formed, evapora- 
tion again goes regularly forward ; and if new 
portions of water be applied, the ice will, from 
the union of those repeated films, acquire a 
thickness sufficient to last for several days. The 
temperature of the frozen coat becomes lower- 
ed in proportion to the dryness of the atmo* 
sphere. The measure of heat deposited on 
• the chill surface by the contact of the ambi- 
ent air is then counterbalanced by the two 
distinct, though conjoined measures of heat, 
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abstracted in the successive acts of convertilig 
the exterior film of ice into water and this 
water into steam ; which transformations that 
minute portion must undergo, before it cut 
unite with its gaseous solvent. But the iieai 
required for the melting of ice being about^ 
the seventh part of what is consumed in Jthe 
vaporization of water, it • follows that tiie 
hygrometer, when the surface of its sen- 
tient ball has become frozen, will, in like 
circumstances, sink more than before by 
one degree in seven. This inference is eiw 
tirely confirmed by observation. Suppose^ 
in fi-osty weather, the hygrometer, placed on 
the outside of the window, to stand at 28 
degrees ; it may continue for some consider- 
able thne at that point, until the congelation 
of its humidity commences : but after this 
change fias been efiected, and the equilibrium 
again restored, the instrument will now mark 
32 degrees. 

The theory of this hygrometer will enable 
us to determine not only the relative, but 
even the absolute dryness of the air or the 
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antity of moisture which it con absorbi by 
[nptting the capacity of that solvent with 
s measure of heat required to convert a 
en portion of water into steam. To diflh 
irer the capacity of air^ is however a pro- 
^m c^ great difficulty, and it ha9 Qot been 
b ascertained with much precision. It is 
cierally estimated, I am convinced, by &r 
> high ; and from several concurring ob- 
rvations, I should reckon the capacity of 

to be only three-eighth parts of that of 
tteft But 600 centigrade degrees, or 6000 

the millesimal scale, being consumed in 
^ Ta^xization of water, this measure of 
at would prove sufficient to raise an equal 
ass of air 16,000 millesimal degrees, or 
ose 6000 degrees augitiented in the ratio 
8 to 3. Now, at the state of equipoise, 
e quantity of heat that each portion of the 
rial medium deposites in touching the chilj 
hflling surface, or what answers to the de- 
^ssion of temperature which it suffers from 
lis contact, must, as we have seen, be ex- 
rdy equal to the opposite measure of heat 
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4. 

abstracted by it in dissolving its cdrrespoiid- 
ing share of moisture* Wherefore, at* the 
temperature of-the wet ball, atmospheric aiC{ 
woidd take up moisture amounting to tbij 
16,000th part of its weight, for each degree jj 
marked by the hygrometer. Thus, supposiR| || 
the hygrometer to mark 50 degrees, the aii; 
would then require humidity equal to the 
320th part of its weight for saturation at itf 
reduced temperature. When the papered 
ball of the hygrometer is frozen, the degre« 
on this instrument must have their value m^ I u 
creased by one-seventh, so that each of thev | j 
will now correspond to an absorption of mokf k 
ture equal to the 14,000th part of the we^ 
of the air. 

But the value of those degrees be 
augmented in a much higher proportion, if 
the hygrometer be immersed in hydrogen gas» 
Since this very dilute medium has ten times 
the capacity of common air, the qualiitity 
of heat which, under similar circumstaooes, 
it wiU deposite on the evaporating sur&ce^ 
must likewise, from the same principle of 
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%BEiutual balance, be tenfold greater, and conse^ 
«quently each hygrometric degree will indicate 
din ^bsorptioti of moisture equal in wei^t to 
piiie -eOOth part of die solvent The energy of 
ftiydrogen gas is therefore not less remark- 
lablie in dissolving moisture than in contain- 
ing heat 

-• If a large receiver, having a delicate hy- 
^gfometer suspended within it, be placed on 
in brass plate and over a metal cup containing 
^taoine water ; the included air will, from the 
>. solution of the moisture, become gradually 
(^damper, ^d this progressive change is mark- 
E €5d by the instrument Yet the mass of air 
i *wU never reach its term of absolute humidi- 
ty, and before the hygrometer points at 5 de- 
- grees, the inside of the receiver appears co- 
vered with dew. While the humifying pro- 
€esLS therefore still goes on, the close attrac- 
tion of the glass continually robs the conti- 
'ipious air of a portion of its moisture ; so 
Ahittt, a kind of perpetual distillation is main- 
tained through the aerial medium ; the va- 
pour successively formed, being again con* 
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densed onthie) vitreous siu&ce. But i£ 
stead of the receiver^ there be substiti 
vessel fonned of pollahed metal, the 
air wiU pass througk every possible degroei 
humidity, and the hygrometer will, ate 
interval arrive at the beginning of its 

The contrasted properties of a vitreous 
a metaUic sur&ce in attracting and e6] 
moisture may be shown still more eaaly^ 
clear, calm weather, let a drinking ^i 
a silver cup be placed empty near the 
ontheapprbadbofeyemDg; and as the 
nes8 begins to prevail, the glass will 
insensibly ohscui^ed, and next wetted fHAI 
profuse dew, befbte the metal hsis yet<hetw/^\ 
ed any traces of humidity. . .h 

GlasB and the metals, particularly silviMlp 
thus again manifest similar dispositions wiA 
respect to heat and moisture, and their distintf^ 
tive powers Would seem to proceed from thA 
same cause, or from the different approxittti^ 
tions of the atmospheric boundary. Bat thil 
conclusion is at once put beyond aU dmibt^ 
by an experhnent made with a modification 
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f the hygrometer Let each bdl of a pyto* 
:xfpe be covered with a coat of the thinnest 
old^beater's ddn and moiisrt^ened equally, any 
itcess of hnmicUty being taken away by toiich-* 
kg the necks of those balls with a folded bit 
r cambric In thjB state, supposing the dry- 
esss of the^ room to be 60 d^ees, the co^ 
^ured liquor will, for the space of two or 
uree minutes, remain stai^onary at the com- 
lencenient of the scale ; but it will then be- 
;|n to descend, and will in iive minutes sink 
b 20 degrees, where it will continue for a short 
lime, and afterwards slowly mount again till it 
weavers its position of rest It is evident, 
iierefore, since the opposite effects are at 
irst completely balanced, that the same 
[faange of temperature must have been effect- 
sd by evaporation on both the balls, or that 
tke encircling air dissolved a quantity of 
moisture at each surface exactly proportioned 
to the hesat which it there deposited. The 
^cacy of air . in warming up such chiUed 
surfaces, was already shown to be modified, 
by the proximity of the subjacent glass and 
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metal, in the ratio of 20 to 17. ConsequeniJa 
ly, if the evaporation had been as copioole 
from the gilt as from the vitreous surfisu^ tUq 
effect produced on the former would hm 
amounted to 60 degrees, and on the latter t4n 
only 51 degrees ; or the liquor, instead of nlj^ 
maining perfectly balanced, would have squti 
sided 9 degrees in the stem. It follows, thewin 
fore, that the naked ball must spend 20 paiHi 
of moisture, while the gilt one loses ovly Imk 
and hence the former will become soonec dqjte 
than the latter, or the covered pyroscopeinlltc 
soon act partially as a hygrometer, indiciita|lt 
the difierence between the states of its oppor |o 
site balls. On applying another pellicle to eadi ' 
ball, the effects of evaporation were balancei 
for nearly five minutes, when the liquor vndm 
the vitreous surface b^an to sink, ai^d in 
about ten minutes it fell to 12 degrees, fron 
which it afterwards slowly remounted. More 
coats being added, similar appearances,thou^ 
less striking, were observed, till they had so 
quired a thickness equal to the 500th part of 
^n inch; after which^ no alteration took places 
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Rmd the column of liquor was held in steady 

■Itequipoise during the whole tune that any 

^^OEioisture remained on both the balls. 

*• If the papered ball of an hygrometer be 

HtbiFered to become dry, the instrument, even 

9ii that state, will mark, though for a short 

Vime only, the different condition of the media 

Onto which it is transported. Thus, the air of 

10 «)om being supposed to have 50 degrees of 

fHfaryness, on carrying the quiescent hygrome- 

MtT into another apartment of 70 degrees, the 

^^^lumn of liquor would fall near 20 degrees, 

:l^from the renewed evaporation of that portion 

:]|Af moisture which had still adhered to the 

Hioats of paper; But if the same instrument 

eWere carried into an apartment of only 30 

I .degrees of dryness, the coloured liquor would 

itotually rise near 20 degrees above the ber 

ginning of the scale, the paper now attracting 

the excess of humidity from the air. This va-f 

pour,^ in combining with it, passes into the 

€»tate of water, and therefore evolves a corre-r 

sponding share of heat. The equilibrium, 

however, unless the coats of paper have a 
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considerable thidkness^ is again reBtored ihi 
very few minutes. 

Those change!^ 9X!e most readily perceirab 
on immersing the quiescent hygrometer at 
temately in two receirers cxmtaining 
drier and damper than that of the roon. 
If a pjroscope5 having both its balls eomi 
ed with gold-beater's skin^ be treated in Ae 
same way, it will indicate an efiect, though 
momentary indeed, of a similar kind : FfXf 
in air which is drier^ the peUicle of the naked 
ball will throw off its moisture more firedj 
than that of tlie gilt ball ; and in damper ak 
it will, on the contrary, imbibe the suzplafl 
humidity with greats eagerness ; thus losiig 
some portion of heat in the one process^ aad 
gaining a minute accession in the other. The 
quantity of moisture concerned in producing 
such fleeting alterations^ may not exceed the 
thousandth part of a grain. 

The separate and distinct effects of eviqxo- 
ration, — ^the coldness it occasions, — and the 
quantity of moisture it abstracts, — ^are obvi- 
ously seen in the hygrometer^ as contrasted 
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ir. with an instrumoit whic^ I have lately formed 
to me««re the ,»«.ti^ of exluJrtion fiom , 
9. Jbiumic} qurfacp in a givcoi time) and which I 
f therefore cdl an Mmameter *• (Spe^. S.J 
^ ^is instrument consists of a thin ball of po- 
^ jToua earthen-^ware, two or three inches in dia- 
•^yokeieTj with a small neck^ to which is firmly 
4 ^mented a long and rather wide tube, bear- 
j^g divisions, each of them corresponding to 
^r«n internal annular section, equal to a film 
i>of liquid that would cover the outer surface 
^r of the ball to the thickness of the thousandth 
'^part of an inch. These divisions are ascer'« 
I tained by a simple calculation, and number-* 
if ;. ed downwards to the extent of 100 or 200 ; 
r 'to the top of the tube is fitted a brass cap, 
lUkving a collar of leather, and whidi, after 
tbe cavity has been filled with distiUed or 
boiled water, is screwed tight. The outside 
of the ball being now wiped dry, the instru- 
ment is suspended out of doors, and exposed 
to the free action of the air. 



'- * From tUfMfi exhalation or vapmiTf and ftS^ff/i measure. 

F 



82 RELATIONS OF AIE 

Evaporation is always proportianed to tibe 
extent of the humid sur&ce. If a sheet of 
wet paper be applied to a plate of glass, it 
will, in a close, room, lose its weight exactlj 
at the same rate, whether it be held verticair 
\y or horizontally, and whether it occupies 
the upper or the under side of the plate. 
The quantity of evaporation from a w^t ball 
is the same as from an equal plane surface^ 
or from a circle having twice the diameter o£ 
the sphere. In the atmometer, the h^midi«i 
ty transudes through the porous substance 
just as fast as it evaporates from the e& 
ternal surface; and this waste is measured, 
by the corresponding descent of the water m 
the stem. At the same time, the tightness 
of the collar, taking op' the pressure of the 
column of liquids prevents it from opsing sq 
profusely as to drop from the ball ; ao inoonr; 
venience which, in the case of very feeble 
evaporation, might otherwise take place. A* 
the process goes on, a corresponding portioQ 
of air is likewise imbibed by t;he moisture on 
the outside, and being introduced intq the 
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> bidl, rises in a small stream^ to occupy the 
3 space deserted by the subsiding of the water , 
' in the tube.^ The rate of evaporation is iio- 
"wise affected by the quality of the porous 
ball^ and continues exactly the same when 
the exhaling surface appears almost dry, as 
when it glistens with abundant moisture. 
The exterior watery film attract? moisture 
from the internal mass with a force inversely 
as its thickness, and will therefore accommo- 
date the supply precisely to any given degree 
of expenditure. When this consumption is 
excessive, the water may be allowed to per- 
colate, by unscrewing the cap, avoiding how- 
ever the risk of letting it drop ftpm the ball. 
^ In still air, the indicatiops of the hygrome- 
ter, and those of the atmometer, bear the same 
proportion ; and the quantity of evaporation 
for every hour is expressed, in thousandths 
of an inch in depth, by the twentieth payt of 
the hygrpmetriq degrees, for example, in 
this climate the medium dryness in winter 
being reckoned 15"*, and in summer about 
40'', the daily exhalation from a sheltere4 
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s^t will amount in winter to a thickness of 
.018, and in summer to .(A8 decimal parts d 
an inch. If we reckon the mean daily eys- 
poration from the ground while screened it 
,030, the waste during the whole year will 
Hmount to near 1 1 inches, being scarcely the 
half perhaps of what, under the circuUtioo 
of the atmosphere, actually obtains* * Tltt 
dissipation of moisture indeed is vastly ac- 
celerated by the action of sweeping winds,— 
the effect being sometimes augmented 5 or 
10 times. In general, this augmentation is 
proportional, as in the case of cooling, to the 
swiftness of the wind, the action of still atf 
itself being reckoned equal to that produced 
by a celerity of 8 miles each Jiour* Hence 
the velocity of wind is easily computed, from , 
a comparison of the indications of an hygro- 
meter with an atmometer, or of a shelterddl, 
with those of an exposed, atmometer. Tliu., 
suppose the hygrometer to mark 40 degrees, 
or the column in a sheltered atmometer to 
subsidy at the rate of 2 divisions each hour, 
while in one exposed to the current, the de- 
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«cent is 12 divisionp ; then, aa 2 is to 10, the 
superadded effect of tha wind, so is 8 to 40 
' toiler it, velocity during the hour. 

I 

It is curioup to remark^ what a small propor^ 
tion of any stream of ^ir can acquire ][ieat or 
TOobture, by flowing over a wan» or a humid 
surface* Supposing the air to have 20 degreed 
of dryness, the <»-diflary evaporation would 
ievery hour equal a film of the thousandth 
part of an inch thick* But this portion of 
moisture would be sufBcieut, we have seen^ 
to saturate 800 times its weight of air at such 
a low state of dryness ; or reqkoning the air 
8^0 times lighter than water, this weight 
would correspond to that of a cylinder of air 
&1^ feet high^ and having its base equal to 
the sur&ce of the humid b»llr-*or to a cylinder 
230 feet high» and of the same diameter aa 
that ball. Now, since tjie ordinary evapora* 
tion at 20 degrees of the hygrometer^ is equal 
to the increased effect occai^ned by a cur- 
rent of air, moving with the velocity of 8 miles 
in the hour, and formiog therefore against 
the ball a cylinder of 429240 i^\. iu height ; 



86 RELATIONS OP AlR 

it hence follows, that lidt more thati the 
184th part of this advancing colutim caai be 
humified, by its streaming over the surface d 
the ball. Such communication of moii^tuie 
is no doubt confined within the narrow limitt 
of physical contact. Each minute portion of 
air which comes to graze along the humid 
surface has its velocity retarded, and acquir-^ 
ing new elasticity from the moisture which it 
dissolves, it is quickly thrown back into the 
current. On the rapidity of these successive 
contacts, will depend the absolute quantity 
of evaporation. 

But, in perfectly cfilm air, the power of 
(evaporation, if it he very considerable, will 
yet, as in the case of A heated surface^ create 
an artificial stream, which mingles its influence 
with the ordinary dissipation of moisture. 
When the hygrometer marks 75 degrees, thi» 
current will have a corresponding Velocity 
of one mile every hour, and must there- 
fore augment the regular effect of evapora- 
tion by an eighth part. In general, to find 
the ^correct hourly evaporation in a medium 
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df stiU air, as expresised in atnfoilietric divi- 
I Bions, or the thousandths of an inch of supers 
i ficifd thickness, after having divided by 20, 
i the number of degrees indicated by the hyi- 
grometer, let the quotient be increased in the 
ratio of that number to 600. Thus^ if the 
: hygrometer were to mark 30 degrees, then 
1.5 is the approxiinate mealsure of evapora- 
4:ion ; and since 30 is contained 20 times in 
600i the correction to be added to 1.5 is like- 
wise its twentieth part^ or .075 ; so that the 
hourly evaporation, estilnated in atmometric 
divisions^ amounts to 1,575^ and the daily to 
18.9. This correction is however in most in* 
stances so small^ that it may, without material 
inaccuracy, be entirely overlooked. But, in con- 
fined hydrogen gas, at the same state of dry-^ 
. ness, the atmometer is as much affect^ed as if 
it were exposed in open air to a. wind having 
the velocity of 12 miles an hour ; and conse* 
quently the dispersion of moisture in such a 
powerful medium is, like that of heat under 
. such circumstances, two and a half times more 
profuse than in atmospheric air. 



88 ^ lt£LiktION& OF AXU 

The atmoiheter is an inifcruiiient evidfloti^ 
x>f extensive application and of great ytHitj 
in practice. To ascertain with accuracy ani 
readiness the quantity of evaporation fiom 
any surface in a given time, is an important ,, 
acquisition, not only in meteorology^ but in 
agriculture, and the various arts and manup* : 
&ctures. The rate of exhalation from the sttiw : 
face of the ground is scarcely of less conae^ 
quence than the &11 of rain, and a knowl^ci^ 
of it might often direct the farmra advanta. 
geously in his operations. On the r^id ^Ssa^ 
persion of moistum, depends the efficacy of 
drying houses, which are too frequently con^ 
structed most unskilfully, or on very mistakaa 
principles. But the purposes to wjbiich die 
atmometer so aptly applies, were hitherto 
suppHed in a rude and imperfect mannen 
The loss that water sustains in a given time 
from evaporation, has commonly been esti^ 
mated by weight or measure. If a piece of 
flannel, stretched by a slender frame, be wet- 
ted and suspended in the free air, its dissipa^ 
tion of moisture, afier a cert^ interval, i^ 
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9 

^ibuad by kelp of accurate scales ; cor if wa- 
titor in 4 shallow pan be exposed in a simi- 
lar situation, its ^fiSAy waste is detected by 
hikie application of a findy divided rod or 
^ge; ' But these methods are extremely 
^troublesome, and are subject besides, especi* 
odly the latter one, to great inaccuracy. Both 
^e flannel and the fiSieet of water require to 
^ sheltered against the wind and rain, and 
consequently they will not exhibit, like the 
tttmometer, the real exhalation which takes 
jilace firom the ground. The bottom and 
■ttdes of the pan must also, from their extent 
«f dry sur&ce, affect the temperature of die 
9rater, ' and consequently modify the quantity 
^evapct^ion. 

An atmometer mispended in still air might 
therefore, on taking into account the time 
ifitetvened, answer nearly the purpose of the 
hygrometer ; and this mode cAn be employ- 
ed with advantage, in discovering the mean 
dryness of an apartment after tibe lapse of 
hours or days. But the delicacy of the hy- 
grometer iJidicat^ directly, and altnost spon- 
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taneofusly, the actual diy&ess of the uie^iinL 
This instrument is hence indispensable in aD 
meteorological observations, and may contii* 
bute essentially towards laying the founds^ 
tion of a juster and more comprehensive 
knowledge of the various modifications whddi 
take place in the lower regions of our atBto^ 
sphere* Heat and moisture are the chief 
agents which nature employs in produciif 
those incessant changes ; and if the inven- 
tion of the thermometer has tended aomadi 
to correct and enlarge the views of phjsicfll 
science, may not the introduction of 9Bt acca* 
rate hygrometer be expected to confer a- ai^ 
milar benefit, and to direct our researdies 
into many departments that are still unez^ 
plored ? To possess the means^ for instaliGe} 
of comparing distant climates, must be de&f^ 
ed highly important. We have at length ao^ 
quired tolerably complete notions of the guft* 
dation of warmth, in the whole extent :£rQia 
the frigid to the torrid ^one ; but, conqenoh 
ing the degrees of dryness which actually 
prevail in remote parts of the globe, we are 
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dleft merely to draW conjectural inferences 
il irom a few loose reports^ depending oti the 
^ imperfect and often illusive impressions re^ 
■- ceived by the organs of sense* It would be 
^^'inost interesting to ascertain the dampness 
> -which has been supposed to pervade the 
American Continent and its adjacent Archipe-^ 
' lago, and to detect the dryness which scdrches 
. the sandy deserts of the interior of Africa, 
■and parches the wide and lofty plains of Up- 
per Asia. Nor would it be less curious to 
'discover the real qualities of those singular 
Winds^ which, urider the names of sirocco^ har-^ 
mattarij and simoom^ infest the hotter climates^ 
and are described by travellers as working 
such strange and formidable effects on the 
tniimal ftame. Even iii this island, the seve^ 
ral wiiids have their distinct characters. If it 
blows from the northern quarter, the hygro- 
meter generally inclines to dryness ; but a- 
gbutherly wind, along with warmtib, invari- 
ably brings an excess of humidity. In deaf 
and calm weather, the air is always drier near 
ike surface during the day than at a certain* 
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height above the ground, but it ^becoffiep 
damper on the approach of evening, whiles 
at some elevation, it retains a moderate d0-. 
gree of dr3me8S through the whole of tbe 
night. If thje sky be clouded, less alteratiov 
is betrayed in the state of the air, both dq^ 
ring the progress of the day and at differ^ 
distances from the ground ; and if wind pre- 
vail, the lower strata of the atmosphere, thuf 
agitated and intermingled, will be reduced ta 
a still nearer equality *>f condition. 

In the regulating of many processes of art, 
and in directing the purchase and selection <^ 
various articles of produce, the application <^ 
the hygrometer would render material service. 
Most wardiiouses, for instance, require to be 
kept at a certain point of dryness, and which 
is higher or lower according to the purposes 
for which they are designed. The printing 
of linen and cotton is carried on in very dry 
rooms, but the operations of spinning and 
Weaving succeed best in air which rather in- 
clines to dampness. The manufacturer is 
at present entirely guided by observing the ef- 
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fects prpdjiiced^ and hence the goods are oftei^ 
* shrivelled, or otherwise injured, before he can 
discover any altetation in the state of the 
medium* But were an hygrometer, evenr 
of the jtnost ordinary constructian, placed in 
the room, it would exhibit every successive 
change in the condition of the air, and immeU 
diately suggest the proper correction. The 
flame means could be employed most bene« 
ficially, in attempering the atmosphere of pu-* 
blic hospitals. 

That wool and com have their weight cour 
slderably augmented by the presence of mois-* 
ture, is a fact well known. Without sup- 
posing that any fraudulent practices are used, 
this difference, owing merely to the variable 
State of the air in which the substances are 
kept, may yet in extreme cases amount to 
ID or even 15 per cent. Grain or paper 
preserved in a damp place, will be found to 
swell nearly after th6 same proportion. But 
tlie real condition df such commodities might 
easily be detected, by placing the hygrometer 
within a small wired cage, and heaping over 
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this^ for a few minutes, % quantity of i^ 
wool or grain which is t6 be e^amineiL 

The hygrometer will enable us to oompaie 
with accuracy the various absorbent powen 
of different substances. These powers am 
totally distinct from the force of capillary ac- 
tion, and appear to be as much diyersified 
as the 9tlier intimate, properties of bodies.. 
When water ascends the narrow bore of a 
glass tube, or spreads itself through the 
Interstices of sand, it occasions no chang,. 
whatever in their internal constitution^ and 
the glass and the sand retain precisely the 
aame place and condition as before. Bo^ 
when wood or ivory, linen or paper, im- 
bibe moisture, this act of absorption is inva^ 
riably attended in them, by a corresponding 
diminution of the aggregate volume, and 
some disengagement of heat. The inatnir 
ment already described, for measuring the 
expansion which air acquire* on being damp^ 
ed, shows a very visible contraction of bulk 
in the union of a bit of linen with a few dropa 
of water. The heat evolved in tl^is union igi 



# 
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<^itot less remarkable^ jEind it is always propor-r 
tioned to th^ drynesiTof the previous state of 
|tbe absorbing substance. Let a large piece of 
»«ambrio or linen be dried intensely before 
the fire^ and then lap it about the bulb of a 
delicate thermometer^ and introduce them 
both into a tall narrow glass, which is placed 
in a close room, with a stopped phial con- 
taining water set beside it After the space 
of an hour or two, when this apparatus has 
acquired the same temperature, pour a little 
water from the phial upon the cambric, and 
the bulb of the thermometer will become in- 
stantly affected, and indicate an extrication 
of heat, amounting perhaps to three or four 
degrees on Fahrenheit's scale. With oak 
saw-dust, which has been previously parched, 
the effect is still more striking ; and the well-* 
known fact, that biscuit recently baked feels 
hot in the mouth, must evidently be referred 
to the same principle. But the hygrometer 
itself^ in its quiescent state, displays conspi-^ 
cuously, although on a smaller scale, proper- 
ties which are entirely similar. ' If the paperr 
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ed ball be suffered to grow dry 9 «nd two or 
three drops of water at the ordinary tempei 
rature be applied to it, the coloured fiqw 
will quickly rise in the opposite stem- five tt 
perhaps ten millesimal degrees, according ta 
the thickness of the coat and its previous is^ 
tensity of drjrness. This impression how&m 
is only momentary, and soon succeeded bjf 
the proper hygrometric action. Heat vm 
therefore at first disengaged, during the aflt 
of combination of the water with the bibu^* 
lous paper. 

But those absorbent substances, besidaf 
assimilating to their essence a portion of dn 
liquid which touches them, are likewise dis- 
posed to attract, though with various energf^ 
the humidity from the atmosphere. Hbe 
more solid, as well as the sofier, materials ex« 
ert this power, and which is exactly analo- 
gous to that of the concentrated acids and 
the deliquescent salts. In their several affi- 
nities to moisture, the earthy bodies discover 
the most essential differences of constit\ition« 
To examine tbe^e properties, let the sub* 
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^ stance be dried thoroughly and ahnost roast- 
3 ed before a strong fire, and introduced im- 
i mediately into a phial with a close stopper ; 
- the powder, having undergone that sort of pre- 
. paration, is at any time afterwards thrown par- 
tially into a very large wide-shaped bottle, and 
shut up, till it has attracted its share of humi- 
dity from the confined air; and a delicate hy- 
grometer, being now let down into the bottle, 
indicates the measure of the effect produced 
by absorption. In this way, it was found that, 
about the temperature of 60 on Fahrenheit's 
43cale, alumine causes a dryness of 84 degrees 
in the air included with it ; the carbonate 
of magnesia, 75 ; the carbonate of lime, 70 ; 
silica, 40 ; the carbonate of bar3^s, 32 ; and 
that of strontites, only 23. These simple bo- 
dies also betray other differences in their in- 
ternal constitution. The absorbing powers 
of silica, barytes and strontites, are not only 
feeble, but of small extent, and these earths 
become very soon saturated with humidi- 
ty. Alumine and magnesia, on the other 
hand, have their energy scarcely impaired 

G 
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by repeated absorptioiis. It is singuLui 
that marble and quicklime should produce 
exactly the same effect, and tibat in geneni 
no sensible difference in that respect can 
be perceived between the pure earths aii4 
their carbonates. The great absorbent power 
of the argillaceous, compared with the sili- 
ceous bodies, likewise deserves particular no- 
tice. But many of the compound earths and 
stones possess the power of attracting mois* 
ture from the air, in a still higher degreCk 
These substances need only be pounded oi 
broken into small fragments, and then expose 
ed, for a certain time, near a strong fice. 
Pipe clay, though it contains a large pnv 
portion of silica, occasioned a drjmess of 
85 degrees ; whinstone or trap, tbou^ 
very compound, produced an effect equal 
to 80 degrees ; and sea-sand, having an ad- 
mixture of shells, gave a dryness of 70 de* 
grees. But torrefaction seems remarkably to 
diminish the faculty of the earthy substances 
to attract moisture. Clay, roasted in a strong 
fire, causes a dryness of only 35 degrees ; and 
urged in a Iblacksmith's forge, it affords no 
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■* more than 8, while whinstone or trap, by 
Q the same treatment, has its enetgy reduced 
» to 23 degrees. The absorbent power of 
^ earths depends, therefore, as much on their 
mechanical condition, as on the species of 
matter of which they are composed; What- 
ever tends to harden them, diminishes the 
measure of effect ; and hence apparehtly the 
reason, why the action of fire impairs their 
desiccating quality. Quartz or silica, which 
in a blacksmith's forge had suffered a reduc- 
tion to 19 degrees, after being soaked in wa- 
ter for the space of a week and again dried, 
showed an effect equal to 35 degrees, and 
would probably in time have recovered the 
whole of its original power. The process by 
which nature gradually divides, softens, and 
disposes stony bodies to absorb moisture, is 
beautifully illustrated in the case of our whin- 
stone or trap. A piece of solid trap produced, 
Mte have seen, a dryness of 80 degrees by 
the hygrometer ; another piece, decayed and 
crumbling, gave 86 degrees; but another piece 
of the same rock, already reduced to mouldy 
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afforded 92 degrees. The ameliorating in- 
fluence of culture is exemplified in seansand : 
fine sand caused a dryness of 70 degrees; 
sand collected from the paths of a sheep- 
walk near the beach, 78 degrees-; and the 
same sand, lately brought into cultivatioiif 
85 degrees. Still these effects are inferior to 
that of garden mould, which amounts to 95 
degrees, and. to which decomposed trap ap- 
proaches the nearest. This material, in its 
mouldered state, constitutes the basis of 
our richest agricultural districts. Other 
cultivated soils exert a similar power of ab- 
sorption, and which appears always propor- 
tioned to their respective goodness. Nor are 
such increased energies to be ascribed to the 
amelioration from manure, since this ingre^ 
dient separately has less influence than the 
earths themselves. It therefore seems highly 
probable, that the fertility of soils depends 
chiefly on their disposition to imbibe moisi- 
ture. 

•I have just glanced at a theory which, if it 
were confirmed bv farther experience* would 
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i greatly enlarge the boundaries of useful sci- 
I ence* The art of chemical analpis, however 
8 much it has been refined, yet fails totally in 
f detecting the intimate constitution of bodies. 
Stones, the most opposite in their aspect and 
general characters, are sometimes composed 
of the same elements, united too in like pro- 
portions. On the nature of soils, the improve- 
ments in chemistry have as yet thrown scarcely 
any hght whatever; and notwithstanding the 
mighty promises held forth to us, agriculture 
is still obliged, it must be confessed, to grope 
her way, by the gUmmering of rude experi- 
ence. The various absorbent powers of earths 
offer something like a principle of distinction 
^mong them. The operations of tillage serve 

i 

to open and mellow the s<h1 ; while the process 
of paring and burning, if it goes farther than 
the mere destruction of the noxious roots and 
.fibres, bakes and hardens the surface,rendering 
it unfit for the purposes of vegetation,till, after 
.some lapse of time, it again recovers its^pro* 
per constitution. In volcanic countries, like- 
wise, the fields of lava require the influence 
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of many centuries, to fit them for culti vation. 
For comparing the absorbent powers of the 
various kinds of soil, the hygrometer mi^ 
easily be adapted. The subject now started 
is at least of such a promising nature as to 
claim our serious attention. 

The variations both m weight and bdk 
which absorbent bodies undergo, have been 
employed to indicate the disposition of the 
air with respect to moisture. For this rea* 
son, such substances are likewise termed 
hygroscopic * ; since they are always affected 
by the state of the ambient medium, thou^ 
they may not precisely measure its d^rees 
of humidity or dryness. But neither heat nor 
moisture is passively diffused, or yet shored 
among different bodies in equal proportions. 
Under the same change of circumstances, 
100 grains of ivory will attract from the at- 
mosphere 7 grains of humidity ; the same 
weight of boxwood, 14 grains j of down, 16; 
of wool, 18; and of beech, 28. Other sub- 



* From vy^Hi humid or tnoUtf and ^wM^fu^f I exomini. 
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stataces will^ in their respective measures of 
absorption, discover still wider diiSerences. 

The dry or humid state of the air is there- 
fore discovered^ from the variable weight of 
pertain bodies exposed to its influence. Rock 
salt has been applied to that purpose;. but 
potash) the muriate of lime^ sulphuric acid^ 
arid moisit of the deliquescent substances, 
whether in a solid or a liquid form, act the 
most pbw^uUy. Other materials of a firm 
or adhesive consistence manifest the same 
properties, though in a lower degree. Plates 
of slate-clay or of imglazed earthen-ware, the 
shavings of box or horn, paper or parchment, 
wool or down, — ^all act as hygrometers. But 
these substances, especially the harder kinds 
of them, unless they be extremely thin, receive 
their impressions very slowly, and hence they 
cannot mark with any precision the fleeting 
and momentary state of the ambient medium. 
Nor is the weight which they gain by exposure, 
proportioned to the real dampness of the 
air ; for the measures of their successive ab- 
sorption increase in a most rapid progression, 
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as they approach to the point of absolute hu- 
midity. 

But to weigh the substances with the 
accuracy befitting such experiments, is t 
very delicate and troublesome operatioDf 
Those thin bodies are liable^ « besides, to 
become in time covered with dust, whichf 
while it must evidently augment their weight, 
cannot be detached from them without inr 
juring their slender texture. The increase 
of bulk which they acquire from the por- 
tion of moisture attracted into their sub- 
stance, furnishes therefore a more certain 
and convenient indication of the state of the 
atmosphere. The solid vegetable and animal 
fibres are connected by a fine soft netting, 
in which the power of absorption appears 
chiefly to reside. Hence the presence of 
moisture always enlarges the breadth of such 
substances, without affecting in any sensible 
degree their length. This effect is visible in 
the swelling of a door by external dampness, 
and in the shrinking of a pannel fi:om the op- 
posite cause. But the substances, such as 



TO HEAT AND MOISTURE., 105 

^aper or parchment, which have a diffuse or 
interlaced texture, are- extended, by the ab- 
'Borption of humidity, almost equally in every 
direction. On the contrary, twisted cord or 
^gut^ being swelled by moisture, suffer a cor- 
Tesporiding longitudinal contraction, accom- 
panied likewise, if not confined, by some un- 
coiling of their fibres. 

All these properties have severally been 
^employed in the construction of hygroscopes. 
The expansion of the thin cross sections of 
box or other hard wood, the elongation of the 
hwnaa hair or of a slice of whale-bone, and 
the mitwisting of the wild oat, of catgut, of a 
cord or linen thread, and of a species of grass 
brought from India, — ^have at different times 
been used with various success. But the 
instruments so formed are either extremely 
dull in their motions, or if they acquire 
greater sensibility from the attenuation of 
their substance, they are likewise rendered 
the more subject to accidental injury and 
derangement ; and all of them appear to 
lose in time insensibly their tone and proper 
action. 9 
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I have lately revived a method of meaaoi- 
ing the expansion of absorbent cohesive si^ 
stances, by their enlargement of capaci^ 
when disposed into a shell ; and have^ by suc- 
cessive steps, carried the hygroscope thu 
formed to as high a state of improvement, m 
perhaps such an imperfect in^^rumelit wfl 
admit. A piece of fine grained ivory, aboiit 
an inch and quarter in length, is turned into 
an elongated spheroid, as thin as possible^ 
weighing only 8 or 10 grains, biit capable of 
containing, at its greatest expansion, ibottt 
300 grains of mercury ; and the upper m4 
which is adapted to the body by means of i 
delicate screw, has a slender tube inserted, 
6 or 8 inches long, arid with ft bore of nearly 
the 15th part of an inch in diameter, f &« 
Jig. 7. J. The instrument being now fitted 
together, its elliptical shell is dipped into 
distilled water, or lapped round with a wet 
bit of cambric, and after a considerable inter- 
val of time, filled with mercury to some con- 
venient point near the bottom of the tube, 
where is fixed the beginning of the scale. 
The divisions themselves are ascertained, by 



] 
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^^tinguishing the tube into spaces which 

^'correspond each of them to the thousandth 

' fMirt of the entire cavity, and equal to the 

ipiieasure of about three-tenths of a grain of 

^mercury. The ordinary range of the scale 

- iwill include 70 of these divisions. To the 

^ upper end of the tube^ is adapted a small 

^ivory cap, whidi allows the penetration of 

air, but jprevents the escape of the mercury, 

^and thereby renders the instrument quite 

portable. 

•; This hygroscope is largely, though rather 
slowly, affected by any change in the humi- 
dity of the ambient medium. As the air be- 
.feomes drier, it attracts a portion of moisture 
^ dfrom the shell or bulb of ivory^ which, suf- 
fering in consequence a contraction, squeezes 
its contained mercury so much higher in the 
tube. But if, on the contrary, the air should 
incline more to dampness, the thin bulb will 
imbibe moisture and sweU proportionally, al- 
lowing the quicksilver to subside towards its 
: enlarged cavity. These variations, however, 
are very far from corresponding with the rqal 
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measures of atmospheric dryness or hmnidiMthe 
Nearthepointofextremedamphess5thealte!ll&e\ 

tions of the hjgroscope are much augmentdlexc 
but they dimmish rapidly, as the mercinn ] 
appro^hes the upper part of the scaler ThlBcc 
contraction of the ivory answering to lilbui 
equal rise in the dryness of the air, is nMfliv 
times greater at the begiiming of the scdnfor 
than at the 70th hygroscopic division ; andltio 
seems in general to be inversely as the nui» jof 
ber of hygrometric degrees, reckoning frcttnliv 
20 below. I have therefore placed another It) 
scale along the opposite side of the tube, the I s 
space between and 70 of the hygroscope 1 1 
being distinguished into 100 degrees, and li 
corresponding to the unequal portions froni 
the number 20 to 120 on a logarithmic line 
This very singular property is more easilj 
conceived from the inspection of the figure 
The scale might be safely extended fitrthery 
by continuing the logarithmic divisions. Thus, 
820 degrees by the hygrometer would answer 
to 108 of the hygroscope, or to a contraction 
of 108 parts in a thousand in the capacity of 
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die bulb. But at the dryness of 300, 1 have 
Dever found the contraction of the ivory to 
l^ceed 105. 

y Boxwood, I likewise formed into a hygro- 
Bcope, of the same shape and dimensions ; 
hut this absorbent material swells twice as 
-much with moisture as ivory does, and there- 
fore requires its inserted tube to be propor- 
iionally longer or wider. The contractions 
of bo::^ are still more unequal than those of 
ivory. Near the point of extreme humidity, 
those alterations in the capacity of the bulb 
seeni to be more than twenty times greater 
thsLU, under like changes in the condition of 
the atmosphere, take place towards the up** 
per part of the scale. The space included 
between the commencement and the 140th 
millesimal division of the scale, might hence 
be marked with 100 hygrometric degrees, 
corresponding to the decreasing portions of 
a logarithmic line from 5 to 105. 
r. In noticing the rapidly declining contrac- 
tions which ivory and box undergo, I would 
not be understood, however, to state the 
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quantities with rigorous precision; I meMliDc 
ly consider the numbers given above MP^ 
very near approximations to the trutL flp* 
should be ashamed to confess how much tnon&r 
I have already consumed, in tracing out Aliuc 
law of those contractions. Such experimedil^ 
are rendered the more tedious, from the i^W 
tracted action of the hygroscope, which oftell^ 
continues traveUing slowly for the space of* W 
quarter or even half an hour. This tal'dineM It 
is indeed the great defect of all instrumeiiti |i 
of that nature, and utterly disqualifies them 1 
from every sort of delicate observation. » I 
The very large expansions which the h^ I 
groscope shows on its approach to extrenH 
humidity, explains in a satisfactory raamuff 
the injury which furniture and pieces of c* 
binetr.\vork sustain from the prevalence rf 
dampness. On the other hand, the slight ^ 
teration which the instrument undergoes in i 
medium of highly dry atmosphere, seems to 
have led most philosophers to believe that 
there is an absolute term of dryness^ on the 
dist^ice of which, from the point of extreme' 
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noisture, they have generally founded the 
graduation of the different hygroscopes pro^ 
«sed by them. This opinion^ however, is 
wr from being correct, and might give occa? 
ion to most erroneous conclusions. No 
lounds can be set to the actual dryness of 
lie air, or the quantity of moisture which 
it is capable of holding, and which, by the 
joint application of heat and rarefaction to 
Resolvent, may be pushed. to almost inder 
inite extent. 

The ivory hygroscope, afler - being for se- 
reral hours immersed in air of 150 or 200 
iegrees of dryness, was apt of a sudden to 
iplit longitudinally. But if the bulb endured 
nuch a range of contraction, it appeared in 
tome instances to take at least another seU 
yt to accommodate its constitution, by im-? 
>erceptible gradations, to the state of the 
lurrounding medium. If this remark were 
x>nfirmed, it would elucidate finely the ator 
nical system of bodies, and establish the 
luecessive limits of corpuscular attraction and 
*epulsion. 
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. But though the bulbous hygroscope is, in 
extreme cases^ liable to much uncertainty! and 
some risk, it may yet be used with visible 
advantage, in a variety of situations, as ta 
auxiliary merely to the hygrometer. ISie 
very sluggishness of the instrument, when 
the value of its divisions has been once ascer- 
tained, fits it so much the better for indicat- 
ing the mean results. After being long ex- 
posed in situations hardly accessible, .it maj 
be conveniently transported for inspection 
before it can suffer any sensible change. The 
hygroscope could be, therefore, employed 
with success to discover the degree of humi. 
dity which prevails at certain considerafafe 
elevations in . the . atmosphere. It might he 
likewise used for ascertaining jeadily the pm^ 
cise condition of various goods and comm!i>- 
dities. Thus, if the bulb were introduced, 
for the space perhaps of half an hour, into^a 
bag of wool, a sack of corn, or a bale of pih 
per, it would, on being withdrawn from their 
contact, mark the dryness or humidity. of 
those very absorbent substances. 
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The softer abs6rbent substances are not 
only tiiemselves affected by the state of the 
ambient medium^ but are capable, when they 
ei:pose a broad attractive surface, of assimi- 
lating to their previous condition, air and 
other gaseous fluids confined over them. 
Flannel, for instance, which has been intense- 
ly dried before a strong fire, wiU support a re- 
markable degree of dryness in a ddse recei- 
ver ; yet after a ^ew repeated applications, it 
sodn. becomes saturated with humidity, arid 
loses its J)ower of absorption. Muriate of 
lime has a vigorora and extended energy i 
but the substance which answers best oti the 
whole as an absorbent, and which continues* 
for a hmg time to attract moisture with al- 
most undiminished force, is the concentrated 
sulphuric acid. By the action of this material, 

I am enabled to maintain, for weeks or even 

» 

months together, a magazine of dry air, which 
affords the means of accurately graduating the 
di^rential thermometer and its several mo- 
difications. But, by exposing, at the same 
time, under the receiver a surface of water 

H 
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in given proportion to that of the acid^ the 
confined air may easily be reduced to atiy in- 
ferior state of dryness. 

The presence of heat likewise augments 
very considerably all those absorbent powers. 
Thus, while in winter the introduction of 
sulphuric [acid under a receiver and in a 
room without fire, scarcely sinks the hygro- 
meter 40 degrees, it wiU, even in our fee- 
ble summers, occasion a,dr3mess of 100 
or 120 degrees. On this principle, water 
may be rendered cool in the sultriest cli- 
mates, and in every state of the atmo- 
sphere ; for nothing more is required than, 
to expose it to evaporate from a porous ves- 
sel, in a medium of confined air, and near the 
action of a large surface of sulphiu*ic acid* 
Nay, with that arrangement, artificial conge«- 
lation is produced, if the external tempera- 
ture should come but as low as 38 or 40 
degrees on Fahrenheit's scale. Wine also 
could be cooled, by casing the sides of the 
bottle with wet flannel, and shutting it up in 
a wide shallow box, which is lined witii lead 



TO HEAT ANb MOISTURE. 115 

or composed of glazed earthen-ware, and has 
its bottom covered, perhaps to the thickness 
of half an inch^ with a stratum of the acidi 
If this box, with its contents, were placed in a 
cellar, the wine would, at all times in this island^ 
have its temperature reduced, in the space 
of four or five hours, to 40 or 42 degrees by 
Fahrenheit's scale. By the same very simple 
contrivance, wine or water might, m the tro- 
pical countries, be cooled, from 80 degrees 
on the same scale, to 55, or even lower* 
Nor is the desiccating efficacy of the acid 
sehsibly impaired, tiU it has absorbed an 
equal bulk of moisture^ and has consequent- 
ly on successive days occasioned the mode- 
rate refrigeration of more than fifty times its 
weight of wine or water. 

The application of heat constantly increas- 
es the dryness of the air, or its disposition to 
dissolve moisture. This property is so ge\ 
nerally known, that the evaporating power 
of the medium is very seldom in practice 
referred to any other cause. Drying houses, 
for example, are commonly constructed as if 
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heat were to produce the whole eflRsct^ no 
meaiii^ being employed for aiding tHe es^cape 
of the air, after it has biecome charged with 
humidity, and consequently rendered imfil 
for performing any longer the prc>cess of ev^ 

poration. 

The influehce of warmth in augmenting 
the dryness of the air, or. its disposition to 
imbibe moisture, explains most easily a sin*^ 
gular feet remarked by some accurate, obser- . 
vers. If two equ&l surfaces of water be ex- 
posed in the same situation, the one in a shat 
low, and the other in a deep vessel of ttietal 
or porcelain ; the latter is always fotind, aftei' 
a certain interval of time, to have suffered, 
contrary to what we might expect, more 
waste by evaporation than the former* This 
observation was once made the ground of a 
very absurd theiory, although the real ex-^ 
plication of it appears abundantly simple. 
Amidst all the changes that happen iii the 
condition pf the ambient medium, the shal^ 
low pan must necessarily receive more com- 
pletely than the deeper vessel^ the chilling 
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impressions of evaporation^ since it exposes a 
smaller extent of dry surface to be partly heat- 
ed up again by the contact of the air. The 
larger mass being, therefore, kept invariably 
warmer than the other, must in consequence 
support a more copious exhalation. 

If heat augments the dryness of the air, its 
absence produces an opposite effect. When 
the external air is colder than that of an apart- 
ment which is rather disposed to humidity, 
the windows come to be covered with dew on 
the insides of the panes. The massy walls 
of cellars and untenanted buildings, being re« 
latively cool during the summer months, ap- 
pear then generally dripping with moisture. 
A caraife, filled with water fresh drawn from 
the well, and set on the table in a hot room, 
becomes soon covered over with dew ; and 
this effect takes place mOre speedily, when the 
surrounding air inclines to dampness. Nor 
will the deposition of moisture cease, until 
the glass decanter, with the water contained 
in it, has approached to the heat of the room. 
On this principle, it has been proposed to 



I 
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construct a sort of rude hygrometer^ by ob* 
serving the depressed temperatiu'e at which 
the dew again begins to disappear from the 
surface of a small globlet filled with cold wa* 
ten The point of atmospheric saturation will 
evidently be lowey in proportion to the dry-r 
ness of the room. 

But air must become drier, from ha- 
ving deposited a part of the moistiu*e which 
it held in solution. ' A cold body intnK 
duced under a large receiver, may there- 
fore occasion a very considerable dryness in 
the confined medium. Thus, when the tem- 
perature of the room is about 70 degrees by 
Fahrenheit, a goblet filled with water at 50 
degrees, being placed within a receiver of 
perhaps thrice its surface, a deUcate hygro- 
meter suspended near the middle of the var 
cant space, marked 45 degrees. A wide 
saucer of glass or porcelain, containing wa- 
ter equally cold, produces almost the same 
effect. The air included between the cold 
mass p,nd the receiver, losing its heat on the 
one side^ a«nd again recovering this partly on 
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the other, assumes a certain intermediate 
temperature ; but each portion of it which 
successively comes to touch the glass, the 
porcelain, or the water, being chilled by such 
contact, surrenders its surplus humidity, and 
then mingling with the rest of the air, re*- 
gains the mean state of warmth, and conse*- 
quently has, in proportion to that change, its 
dryness or power of solution renewed. The 
medium thus rendered drier, being therefore 
capable of performing evaporation, may, by 
acting on a humid surface, produce a degree 
of cold little inferior to that of the mass itself, 
from the introduction of which under the re- 
ceiver the whole chain of effects originated* 
If a freezing mixture be formed with salt and 
snow or pounded ice in a deep and wide 
saucer^ and placed under a large receiver, 
about an interval of three or four inches from 
a small cup of porous earthen-ware filled with 
water ; this water will soon become frozen, 
and remain so for several hours, till the whole 
of the ice or snow has melted down into a 
liquid state. The sides of the saucer, from 
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the depotiition of moisture conveyed by the 
air from the cup, become incrusted with hoar 
frost, which keeps constantly increasing in 
thickness as long as the action of the fiigot 
rific mixture lasts. If a covered dish were 
substituted for the saucer, the icy crusty form- 
ed over the whole of its external sur&ce^ 
would serve to measure the comparatively 
small quantity of exhalation £bom the cup^ 
which was required to freeze the water, and 
afterwards to support congelation. When 
the cup containing the water is placed below, 
instead of above, the magazine of cold, espe- 
cially under a tall receiver, the evaporating 
process suffers indeed some reduction, but 
still the frigorific operation is on the whole 
rendered more powerful ; for the chiUed air 
falling downwards, though it ^cquireif little 
dryness, yet communicates to the Water tlis 
impressions of most intense cold with scu^ESer- 
ly any diminution. 

To discover the precise law by which equal 
additions of heat augment the dryness of' air 
or its power to reti»n moisture, is a problem 
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^*6£ great delicacy and importance. rTwo dil^ 

liferent modes were employed in that investi- 

''"^^ation, but which led to the same results. 

^Blie one was, in a large close room» to bring 

Jm hygrometer, conjoined with a thermome^ 

rter, successivelyiiearer to a stove intensely 

jbeated^' and to note the simultaneous indica- 

Hlions o£ both jinstruments ; or to employ two 

^^dee thermometers^ placed beside each other, 

«>d having theit' bulbs covered rffipei^vd; 

-^tniti dry and with wet cambric By taking 

4he mean of numerous observations, and in. 

^erpolating the intermediate quantities, the 

law of aqueous solution in air was laborious^ 

ly traced. But the other method <$f investi** 

gation appeared better adapted for tthie high-^ 

hft temperatures. A thin hollow ball of tin, 

four inches in diameter, and having a very 

small neck, was neatly covered with linen j 

tudy being filled with water nearly boiling, 

ind 9, tlierraiometer inserted, it was hung 

likewise in a spacious close room, and the 

rate -of its cooling carefully marked. The 

Experiment was n^yt repeated, by suspend- 
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ing it to the end of a fine beaxn^ and wet»l|x 
ting with a hair pencil the surface of linei gr 
till brought in exact equipoise to some g^ of 
ven weight in the opposite scale ; ten gnia pa 
being now taken out^ the humid ball 191 ir 
allowed to rest against the point of a tk re 
pered glass tube, and the interval of timik|lj 
with the corresponding diminution of temp»|ft] 
rature, observed, when it rose again to tiM 
position of equiUbrium. The same opei* 
tion was successively renewed ; but, as ibi 
rapidity of the evaporation declined, fivc^ 
and afterwards two, grains only were, at eadk 
trial, withdrawn from the scale. From sudi 
a series of facts, it was easy to estinotate thi 
quantities of moii^ture which the same air 
will dissolve at different temperatures, and 
also the corresponding measures of heat ex- 
pended in the process of solution. 

By connecting the range of observationst 
it would appear, that air has its dryness 

* 

doubled at each rise of temperature, answer- 
ing to 15 centesimal degrees. Thus, at the 
freejsiiig point, ^ir 19 capable of holding a 
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ortion of moisture represented by 100 de- 
irees of the hygrometer ; at the temperature 
€15 centigrade, it could contain 200 such 
arts ; at that of 30, it might dissolve 400 ; 
nd, at 45 on the same scale^ 800, Or, if we 
^ckon by Fahrenheit's divisions, air absolute^ 
^ humid holds, at the limit of congelation, 
l>e hundred and sixtieth part of its weight of 
noisture ; at the temperature of 59 degrees, 
iie eightieth part ; at that of 86 degrees, the 
ibrtieth part ; at that of 113 degrees, the 
twentieth part ; and at that of 140 degrees, 
ihe tenth part. While the temperature, 
iherefore, advances uniformly in arithmetical 
progression, the dissolving power which this 
x>mmunicates to the air mounts with the ac^ 
jelerating rapidity of a geometrical series. 

It hence follows, that, whatever be the actual 
condition of a mass of air, there must always 
«ist some temperature at which it would be- 
»me perfectly damp. Nor is it difficult, 
from what has been already stated, to deters 
mine this point in any given case. Thus, 
luppose the hygrometer to mark 52, while its 
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wet ball has a temperature of 20 ceniam 
degrees or 68 by Fahrenheit ; the di$&A\ 
power of air at this temperature being i 
its distance firom absolute humidity 
therefore be 200, which is the measure ol 
lution answering to 15 centesimal degree 
59 by Fahrenheit The same air would c 
sequendy, at the . depressed temperatun 
59 degrees^ shrink into a state of abso 
saturation ; and if cooled lower, it w< 
even deposite a portion of its combined n 
ture, losing the eightieth part of its weigl 
the. verge, of jfreezing. 

The hygrometer,itwas shown,does not i 
cate the actual dryness of the air, but the 
ness which it retains^afler being reduced U 
temperature of the humid ball. The real co 
tion of the medium, however, could easil 
determined, from the gradations already as 
tained in the power of solution. Supj: 
ibr example, that the hygrometer shi 
mark 42 degrees, while the thermom 
stands at 16 centigrade; the moist surface 
therefore the temperature of 11.8 centigr. 
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V^. which the dissolving energy is less by 37 

tihan at 16 centigrade ; and hence 

« total dryness of the air, U its former 
iper^tur^ amounted to 79 degrees, A 
SUKdall table of the solubility of moisture, 

ould greatly facilitate such reductions. 

^-: That the quantity of moisture which air 

!%^n hold increases in a much faster ratio 

an its temperature, is a great principle in 
^^he economy of nature. It seems first to 
vJ'^ve been traced from indirect experience by 
■ ^e sagacity of the late Dr James Hutton, who 
V made it the foundation of his most ingeni- 
=: bus and solid theory of rain. Air in cooling 

» 

becomes ready to part with its moisture. 
But how is it ever cooled in the free atmo-> 
jlpfaere ? Only by the contact or commixture 
surely with a colder portion of the same fluid- 
Brit that portion of air which is chilled must 
^ually in its turn warm the other. If^ 
in consequence of this mutual change of 
condition, the former be disposed to resign 
its moisture, the latter is more inclined to 
i^ain it ; and consequently, if such opposite 
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effects were balanced, there could, on the |' 
whole, be no precipitation of humidity what^ 
ever. The separation of moisture on the^ 
Aiixing of two masses of damp air at differertt 
temperatures, would therefore prove, that the 
dissolving power of air suffers more diminui 
tion from losing part of the combined heat 
than it acquires of augmentation from gaining 
an equal measure of it ; and consequently 
this power must, under equal accessions of 
heat, increase more slowly at first than if 1 
does afterwards, thus advancing always witibi 
accumulated celerity. 

The result of this induction agrees entire*' 
ly with the law of solution in air, which ha^ 
been already pointed out. It is the simplest 
of the accelerating kind ; and the relation of 
an arithmetical to a geometrical progression, 
seems applicable to other properties of thU 
gaseous or elastic fluids^ An example will 
elucidate the nature and extent of the aque- 
ous deposition caused by the commixture of 
Opposite portions of air. Suppose equal btilkir 
of this fluid, in a state of saturation, and ^ 
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the different temperatures of 15 and of 45 
centesimal degrees^ to be intermingled ; the 
eompound arising from such union will evi- 
dently have the mean temperature of 30 de- 
grees. But, since at those temperatures the 
one portion held 200 parts of humidity, and 
the other 800, the aggregate must contain 
1000 parts, or either half of it 500} at the 
mean or resulting temperature, however, this 
portion could only suspend 400 parts of humi- 
dity, and consequently the difference, or 100 
parts, amounting to a hundred and sixtieth 
of the whole weight of the air, must be pre- 
cipitated from the compound mass. Nor was 
it requisite that such portions of air should 
he perfectly damp. For instance, if the cold- 
er air had a dryness of 40, and the warmer, 
that of 110 hygrometric degrees, the former 
consequently holding 160 parts of moisture, 
and the latter 690 ; after commixture, they 
would each contain 425 parts, and therefore 
of those 25 parts, or a measure equal to the 
six hundred and fortieth of the general mass, 
wpidd still be deposited. 
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I have now delected av extTeme.ca^' aid 
yet the quantity of mbiotuce set loose m^ 
appear to b6 remarkably small. Tbe dM&^ 
culty is, therefore, to reconcile the jneaaure oC 
such deposits as deduced from theory, .i¥idi 
the actual precipitations from the atmospheitu 
The lower mass of air which surrounds <Hir 
globe may have a mean temperature of aboiiC 
50 degrees on Fahrenheit's scale { and was 
it consequently forced, by some iDtemiL 
change of constitution, to discharge the wfaolb 
of its watery store, this would not exceed tib I 
80th part of its weight, or form a iiheet (l£ 
more than five inches deep. Our atmospbiEn 
must hence, in the course of a ycitur, depwittf 
five or ten times ss much humidity m it tmi 
at once hold in solution. But since bnly » 
very minute portion of the combined md» 
ture is in &ct, at any given time, sepnatdl 
from the air, it follows that the relative pm^ 
cesses of evaporation and precipitation itrait 
rapidly succeed each other, promoted nb 
doubt by the incessant circulation whidl is 
maintained between the higher and the krwer 
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strata^ Every humid discharge from the at- 
, mbsphere must, therefore^ of necessity be lo- 
cal and temporaiy. 

i The mixture of differently heated masses of 
«lur is hence insufficient alone to form any very 
sensible deposit. To explain the actual pheno^ 
ODaena, we must have recourse to the mutual 
operation of a chill and of awarm current, driv*- 
^itig swiftly in opposite directions, and continu«^ 
»Ily mixing and changing their conterminous 
-eurfacei. By this rapidity, a large volume of 
^e fluid: is brought into contact in a given 
; time. . Suppose, for instance, the one current 
to have a temperatureof 50, and the other that 
ollTO degrees, by Fahrenheit's scale; theblend- 
yod surfaces will, therefore, assume the mean 
temperature of 60 degrees. Consequently the 
twd streams throw together 200 and 334.2 
jparts of moisture, making 567.1 parts for the 
iXMnpound, which at its actual temperature 
<:an^ only hold 258.6 parts ; the difference, or 
&6 parts, forms the measure of precipitation, 
correfi^nding to the ISSOih of the whole 
weight of the commixed air. It would 
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thus require a columu o£ air 25 milfji in 
lengthy to fomiah^ jover a given spot and in 
the space of an hour^ a deposit of -intoisture 
equal to the height of an inch. If the siim 
of the 'Xipposite velocities amounted to 50 
miles atx hour, and the intermingling influ- 
ience extended but to a quarter of an inch at 
4lie grazing sur&ces; there would stilly on this 
4EiuppoaitiQn^ be produced in the same time, a 
fall of ram reaching to half an indbin aki^ 
tade. : : -Diese q.mn<jti« come withia tbe fr 
mits. of probabiUty, and agree sufficiently 
Ivith experience and observation. ' * But k 
Jbigher temperatures, though the MffeosDce 
•of heat between the opposite strata: of w 
should remain the same^ the meaauise 'd 
.aqueous predpitetion is gtea%-mcreiwe4 
!Thus5 while the deposit. of moiflftuse / firon 
fthe mixing of 6qual masses of air a/t tbe -tem- 
peratures of 40 and 60 degrees, i4 only&6, 
-that jErom the like mLs^ture at -8D and lOO^de- 
<gree89 amounts to 19. This result is^entilftly 
lebnformable .to observatiDn, fcpa ahowefirtm 
the mostcopious durkig hot weather andipithe 
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tropical climates. The dew which falls^ about 
the dose of evening, in some sultry regions, 
siich as Egypt, is alone sufficient to drench 
tlie surface of the earth. 
. Dr button's account of the production of 
irain, though it may want still farther expan- 
sion, is grounded therefore on correct gene- 
ral principles, A more precise and complete 
acquaintance with meteorological facts, which 
is only to l>e derived from multiplied obser- 
vations with the hygrometer, would enable 
tts to pursue 'and illustrate the details of this 
beautiful theory. The measure of precipitap- 
Son ftom the .tmosphere depend^-on a varie- 
ty of circumstances,— on the previous damp- 
ness of the commixed portions of the fluid, 
—-their difference of heat, — ^the eleyation of 
their mean temperature,— and the extent of 
leombination which takes place. When this 
deposition is slow, the very minute aqueous 
globules remain suspended and form clouds ; 
but if it is rapid and copious, those particles 
conglpmerate, and produce, according to 
the state of the medium with regard to heat. 
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rain, hail or snow. In fine calm , weather, 
after the rays of a declining sun have ceased 
to warm the surface of the ground, the de- 
scent of the higher mass of air gfaduallj 
chills the undermost stratum, afid disposes it 
to dampness, till their continued intermixture 
produces a fog, or low cloud. Such fogs are 
towards the evening often observed gather- 
ing in narrow vales, or along the course of 
sluggish rivers, and generally hovering within 
a few inches of the surface. But in all situa^ 
tions, these watery deposits, either to a greater 
or a less degree, occur in the same disposition 
of the atmosphere. The minute suspended 
globules, attaching themselves to the projects 
ing points of the herb^e, form dew in mild 
weather, or shoot into hoar frost when cold 
predominates. They collect most readily on 
glass, but seem to be repelled by a bright sur-^ 
face of metal. 

But the profiise precipitation of humidity 
is caused by a rapid commixture of opposite 
strata. The action of swift contending* cur- 
rents in the atmosphere brings quickly into 
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mutual contact vast fields of air over a given 
spot The separation of moisture is ' hence 
proportionally copious. In temperate wea^ 
ther, this deposition forms rain ; but, in the 
cold season, the aqueous globules, freezing 
in the mid air into icy spiculse, which collect 
in their slow descient, become converted into 
flakes of snow. Hail is formed under diffe- 
rent circumstances, and generally in the sud- 
den alternations of the fine season, the drops 
of rain being congealed during their fall, by 
passing through a lower stratum of dry and 
cold air. 

From a variety of nice experiments, we 
have seen, that the diflferent effects of heat and 
of steam are yet modified by the same laws^ 
A conformity may, therefore, be expected in 
the relations of air to those active fluids. As 
rarefaction enlarges the capacity of air, it like- 
wise augments the disposition to hold mois« 
ture; at the same time, that the removal of 
the ordinary pressure facilitates the expansion 
of the liquid matter, and its conversion into 
a gaseous form. Accordmgly, if the hygro- 
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meter be suBpended within a laigp rteeiva 
from which a c^taih portion pf air is ijuickl^ 
abstracted, it will sink with rapidity. In swH 
mer, the additional dryhess thus p!rodiiced lii 
mounts to about 50 hygrometrib degree9 ^tkh 
time the air has its rarefaction dcM^ecl i 96 
^lat, sujpposing the iteration of c^hflhisfting 
ta be performed with eipeditipji, and the le- 
siduum reduced to a sixty-fourth partj tiie hy- 
grometei: would maik ita all the deso^t 0f 
300''. But this effect is only moBG^i^Qt^iy^ f<Mr 
tlie thin air very soon bedome^s chatged with 
moisture, and consequently ceases tQ/scC m 
the wet ball of the h;fgrometer. The cdld, 
however, excited on the. 'surface of itbat ball^ 
by such intense evajJotatipn, , will h^ye ptB» 
viously frozen the coatillg. 

It hen(:^ appears, that the loftief i;jegion» 
of the atmosphere are! . comparatively 'drier 
than those below, or th^ at. the same teti'^ 
petature^ /the attenuated: fluid is <iE^a|)»l^le of 
holding, a toger »h«e otbmm^.A.WIm 
on the slope of ChimbQra*©^ an hygrc^efier; if 
placed in a tent iwjb^re.t^tf air has been .wwm- 
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ed toL the moderate xonditLon that prevails 
on the shores of Lima, would stand about 40 
degreea higher than at the level of the sea. 
Without such a constitution of the elements, 
indeed, our globe must have bieen shrouded 
in perpetual darknesi| f for the. cold whick 
reign3- in the upper strata, would have; pfe^ 
vented thehumidiliy from ascending to a great 
elevation^ .and Igacve precipitated it in fogs ov 
eloudsu. ^In tb6 actital state of things^ the 
dimmutdon of temperature which we!.eii^ 
counter: ' hi asccmding^ predomihatei^ at first 
over the augmented power of aqueous scdun 
tiotn ^ and the air becomes successively damp^ 
exp tin we reach a certain height in the slU 
mosphere^ at which the opptosite effects of 
cold and* rarefaction, are balanced, and whdrd 
the extreme of humidity must :of course db4 
tain* Alcove that limill; which is the proper 
region of the clouds, the influence of the ra- 

• ■ 

rity of the mediiiih must . transcend the ef- 
fects of its chiUness,} and the lairwiU now be- 
come gradually 4rij^i,.tj^ melts 
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away into the clear ethereal expanse *• . Fcom 
the modified relations of heat akid pressure 
is thus deduced the seat of the clouds, or the 
boundary beyond which they can seldom fise» 
which will be found to run generally about twa 
miles above the hne of perpetual congelation, 
being most elevated under the equator^ and 
hfinding downwards near the poles. . 
'. '.Since air, by being rarefied, has itsscale of 
watery solution so much extended, the ap- 
phcation of heat must hence occasioii vi e& 
feet proportionally greater upon a thin me- 
dium. If a cold body bq, therefore, conveyed 
imder a receiver from which the air is pardj. 
extracted, it will produce a very intense dry- 
ness. Thus, at the ordinary temperature a 
frigorific ma^s ofsalt and pounded ice, when 
its encircling air is fipih fifty to an hundred 
times attenuated, will cause an hygroinet^# 

, ■ ■ ^ I ■ ; I ( I ■ . -. ' 1 * ' ■ ' 

* Apparet div{iin numen, sedesque quiete : 
Qufw Deque concutiunt ViBnti^' heque nubila nimbis 
Adspergimty neque nix! aqri coocreta pruina 
Cana cadens violat : semperque uinubilus sthcr 
Integit, et largd diffiiso lumiite irijeu 
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placed Bt :a short diistance from it, to sink at 

least 200 degrees, and still more if the room 

hewarm. Having therefore mixed common 

-fiak'with three times its weight of ice in a 

large covered di^h of glass or porcelain, near^ 

ly equal to the width of a tall receiver passed 

eirer it, and liaving introduced, a very few in- 

^es either above or below it, a poroiis eardben 

!^p about one half or a third part 6f the^same 

iidiaraeter, and filled with ^Vater ; on rarefying 

i^e> confined air to the uthidst^ the small 

4iody of water exposed to vigorbus evapora- 

4iozi will, iat all seasons, speedily ccmgeal, and 

Icmain in this firozen state tilt, after the space 

"^perhaps of an hour, the compound mass.«has 

melted into brine and lost entirely its power 

of ok^g. The quantity of icrjr crust gradually 

-fermed on the external surface of the dish con- 

-tainii]^ the frigorific mixture, indicates the 

meBBote of exhalation fiom the cup, which i, 

Heqiiired to produce and support the congela^ 

4ioa during the period of its existence. On a 

-principle anabgous to what is slow stated^ 

\Dar .WoUastbn, to whose acuteness and refined 
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ingenuity^ the physical sciences, axe so: deep- 
ly indbbted, luks tecently proposed a waj 
simple and portable apparatus^ by . which. i 
small portion ofVater, at a short .disfcanee 
from a'freiezing mixttire^ may at any time he 
Visibly converted into ice. - . . . 

Hie increased, power of aqncbiis .sphitioi 
which air acquices as iit^ows. thinner, bdi^ 
ascertained and jcarefuUy investigM^ed^ Jttf 
next object wa&. to oombiiid the actidfa 
of a powerful absorbent, with ibe tnnftieiit 
dryness produced idthm * receiver by ni» 
faction. Having introduced a : sut&de of fob 
phuric acidi' I {lerceived with vpleasiue Ikti 
this : substance only superadded its/peeiiUqr 
attraction for inoisture^ to the ardinary efifaflb 
resulting irom the progress o£;^xhaiBtiad; 
and what was still more important^ .tfaatdt 
continued to jsi|ppdrt» with imdmiimahQdEae& 
gyi the dryness tims created .The atteDOBiioi 
aiir was not jsnffered^ aa before^ io^grdviii^ari- 
ged with humidity ; biit each pdrtioii <tf idbst 
ihcdium, as .&st as it becanKs^saturlited .bf 
touching the oirdti .ball of ^.th^-itygtoaoi^} 
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Kti»«wi»i3t3ed ite vapoiir M the acid^ and S*^as 
vi^dnpe seftt back draiuded of the load, and 
^l^ied agaih to renew its attack with fresdi 
»%a^our^ : By this p^ipetual circiilationi tfaisire^ 
^^6Km het^en the exhdliiig and the absorbing 
- flaitfa)cei. the £Li£^e xesidtom of alt is imunr* 
@%aned cohstaaitly. st HAie ^me Btat^ of di^easv. 
liibftt the pow^r^ both of vapoHzatioh anddf 
flKsOTption being greatly iaugmented in the 
ightf tenqperatures, .th^ 3ame limit ofoSdi 
l^early is in ali cases attained by a c^rtaiitt 
"*lnea8uje ; bf eEKJhaiistion^ When the air iha^ 
^l^^i^ rarefied 2^0 tiities, the utitibsi thiU^ tiy^ 
N^tifK «96h / cireusffctances, can p^ihajfe ,be. dP? 
^iwftedi, the sUrftce of eVaporati^w iistTQ[}iQle4 
^§ifi0n V20 d^ees of F^erfieit in winte&f^ 

«od would probably i»n^ near ^00 in a^mtocsCf 
' 'JJTiiy, a &r :lfes6 tenuity of ;the uaediji^ii^^ 4lSft 

4$H9>bined witti the' action l[)f i^ulplm^^^ ^e«dt 
^ ub capable of prodtidng and supportwgfa Y«f}( 

Ottense cold If the air b^ riaireilSed^plyj^ 
■ twe^ >:depre<»ioi> of tempen««e ,mM 

]^t)duc^d> Amounting to 80 or eyen 100 de? 

^eei 6f £ahrei3heit's $ealef * r.'. .. r;r/j Vo 
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We are thus enabled, in the hottest wea- 
ther, and in every climate of the globe^ 
to freeze a mass of water, and to ke^ 
it frozen, tiU it graduaUy wastes away by 
a continued but invisible process of evapo- 
ration. The only thing required is, that the 
surface of the acid should approach near to 
that of the water, and should have a great* 
er extent, for otherwise the moisture would 
exhale more copiously than it could be trans- 
ferred and absorbed, and consequently the 
dryness of the rarefied medium would become 
reduced, and its evaporating energy essentially 
impaired. The acid should be poured to the 
depth perhaps of half an inch in a broad flat 
dish, which is covered by a receiver of a form 
nearly hemispherical ; the water exposed to 
congelation may be contained in a shallow 
cup^ about half the width of the dish, and 
having its rim supported by a narrow m^ 
tallic ring upheld above the surface of the 
acid by three slender glass feet of two cir 
three inches in height. (See Jig. 9.) It is 
of consequence that the water should be as 
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much insulated as possible^ or should pre- 
sent only a humid surface to the contact of 
the surrounding medium, for the dry sides 
"'of the cup might receive, from commu- 
nication with the external air, such acces- 
■ sions of heat, as greatly to diminish, if not to 
counteract the refrigerating * effects of eva- 
poration. This inconvenience, however, is 
in a great measure obviated, by investing the 
jitup with an outer case at the interval of about 
-half an inch. If both the cup and its case consist 
^, of glass, the process of congelation is viewed 
_ most completely ; yet when they are formed 
of a bright metal, the effect appears altogether 
imore striking. But the preferable mode, and 
that which prevents any waste of the powers 
of refrigeration, is to expose the water in a 
'pan of porous earthen-ware. If common wa- 
ter be used, it will evolve air bubbles very 
copiously as the exhaustion proceeds ; in a 
few minutes, and long before the limit of 
rarefaction has been reached, the icy spiculse 
will shoot beautifully through the liquid mass, 
and entwine it with a reticulated contexture. 
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As the process of congelation goes forward^ 
a new discharge of air from the substance of 
the water takes place, and marks the regular 
advances of consolidation. But after the wih 
ter has all become solid ice, which, unless it 
exceed the depth of an inch, may genecallj 
be effected in loss than half an hour, the cd& 
cle of evaporation and subsequent absoiptioD 
is still maintained. A minute film of ice, ab- 
stracting from the internal mass a redoubled 
share of heat, passes, by invisible, tranaitionii 
successively into the state of woterr and of 
steam, whidb, dissolving in the thin ambient 
nir, is conveyed to the acid^ where il. agun 
assumes the Uquid form, and,, in the w^ of 
combination, likewise surrenders its heat 

In performing this experiment, I gien^calLy 
€eek at first to push the rarefaction as far as tbe 
circumstances will admit. Biit the dispcMdtioD 
of the water to fill the receiver with vapom, 
being only in part subdued by the actioa of 
the Bulphuric acid, a limit is soon o{^oaed. tQ 
^e progress of exhaustion, and the iojcIi»i' 
ed air can seldom . he rarefied abovfi a >hiui* 
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k dbred times^ or till its elasticity con support 

^ BO more than a column of merely about 

- three-tenths of an inch in height. But 9 
much smaller rarefaction, perhaps from ten 

' times to twenty times, will he found suflScient 
to support congelation after it has once taken 
fdace. Hie ice then becomes rounded by de* 
grees at the edges, and wastes away insensibly, 
its surface being incessantly cornoded by the 

. 'play of the ambient air> and the minute exhala^ 
-tiojis conveyed by an invisible prQces$> to ihe- 

^ulphup-ic acid, which, from its absorption of 
liie vapour, is all the lime maintained above 
£he temperatare of the apartment. The ice, 
IcepA in this way, suffers a very slow consurop- 
iibn; for a lunip of it, about a pound in weight 
«id two inches thick, is sometimes not en- 
lirely gone in the space x>f eight or ten days* 
^'During' the whole progress of its wasting, the 
ice still commonly retains an uniform trans- 
parent consistence ; but, in a mpre advanced 
stage, it occasionally betrays a sort of honey**' 
'CCHnbed appearance, owing to ^ the minute 

* 'Cavitidft ibrm^d^ by globules of air, set loos^ 
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in the act of freezing, yet entangled in die 
mass, and which are afterwardi^ enlarged bj 
the erosion of the solvent medium. 

The most elegant and instructive mode of 
effecting artificial congelation, is to perfimn 
the process under the transferrer of an aif 
pump. A thick but clear glass cup being se- 
lected, of about two or three inches in d^ 
meter, has its lips ground flat, and covered 
occasionally, though not absolutely shut, with 
a broader circular lid of plate glass, which is 
suspended horizontaUy from a rod passins 
through a collar of leather. (Seejig^ IQ.^; 
This cup is nearly fiUed with fresh distilled 
water, and supported by a slender metallic 
.ring, with glass feet, about an inch abov^ th^ 
surface of a body of sulphuric add, per- 
haps three quarters of an inch in thickness^ 
and Qccupying the bottoin of a deep glass bar 
son that has a diameter of nearly seven indbeGL 
In this state, the receiver being adapted, and 
the lid pressed down to cover the mouth, of 
the cup, the transferrer, is screwed to the air 
pump, and the rarefaction, uii^der tho!3e cirr 
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^ ctimstances, pushed so far as to leave only 
? about the hundred and fiftieth part of a resi- 
duum ; and the cock being turned io secure 
' Ithat exhaustion, the compound apparatus is 
^ tiiieti detached from the pump, and removed 
-: into some convenient apartment. As long as 
1^^ the cup is covered, the water will remain quite' 
^unaltered ; but on drawing up the rod an inch 
^ iCnr more, to admit the play of the rare medium^ 
^'$. bundler of spicular ice wUl^ in the space per^ 
I haps of five minutes, dart suddenly through 
>e whole of the liquid mass , and the consoli- 
dation will afterwards descend regularly, thick-, 
emng the horizontal stratum by insensible gra-* 
dations, and forming in its progress a beautiful 
^ transparent cake. Oft letting down the cover 
a^^dn, the process of evaporation being now 
checked or almost entirely stopped, the ice re* 
tiims slowly into its former condition. In this 
way^ the same portion of water may, even at 
distent intervals of time, be repeatedly com 
gealed and thawed jsuccessiyely twenty or 
thirty times* During the first operations of 
freezings some air is liberated ; but this ex-> 
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tiicatibn diminishes at eich subsequent act, 
and the ice, free from the smallest specka, re* 
sembles a piece of the purest crjstaL 

This artificial freezing of water in.a cupof 
glass or metal, affords the best opportumty 
for examining the progress of cryatallisatioiL 
The appearance presented^ however^ is ex- 
tremely various. When the frigorific acdon 
is most intense, the congelation sweeps at 
once over the whole surface of die water, 
obscuring it like a doud. But in genenl^ibe 
process advances more slowly; bundles of 
spiculae, from different points, sbmetiiiieB 
from the centre, though commonly fixm the 
iiides of the cup, stretching out and spreading 
by degrees with a sort of feathered textnre. By 
this combined operation^ the surface of die 
water soon becomes an uniform sheet of ice. 
Yet the effect is at times singularly varied ; 
the spicular shoots, advancing in different di- 
rections, come to inclose, near the middle of 
the cup, a rectilineal space, which, by unequal 
though continued encroachment, is reduced 
to a triangle ; and the mass below being part- 
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1 J £ro!ten and therefore expanded, the water 
is gradually squeezed up through the orifice, 
and forms by congelation a regular pyramid, 
rising by successive steps ; or if the projecting 
&rce be greater, and the hole more contracted, 
it will dart off like a pillar. The radiating or 
feathered lines which at first mark the frozen 
surface, are only the edges of very thin plates 
of ice, implanted at determinate angles, but 
each parcel composed of parallel planes. This 
mtemal formation appear very conspicuous 
in the congealed mass which has been remov- 
ed from a metallic cup, before it is entirely 
consolidated. 

• When cups of glass or metal are used^ the 
cold excited at the open surface of the liquid 
extends its influence gradually downwards. 
But if the water be exposed in a porous ves« 
sel, the process of evaporation, then taking 
effect on all sides, proceeds with a nearly re* 
gular consolidation towards the centre of the 
masa^ thickening rather faster at the bottom 
from its proximity to the action of the absor^ 
beant, and leaving sometimes a reticulated 
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space near the middle of the upper sur&ce) 
through which the air, disengaged by. the 
progress of congelation/ makes its escape. 
When very feebl6 powers of refrigeration are 
employed, a most singular and beautifiil . apr 
pearance is in course of time slowly pro- 
duced. If a pan of porous earthen-ware, 
from four to six inches wide, be filled to the 
utmost with common water till it rise above 
the lips, and now planted above a dish of ten 
or twelve inches diameter, containing a body 
of sulphuric acid, and having a round broad 
receiver passed over it; on reducing the in- 
cluded air to some limit between the twenti^ 
eth and the fifth part of its usual density, acv 
cording to the coldness of the apartment, the 
Hquid mass wiD, in the space of an hour or 
two, become entwined with icy shoot^s, whidi 
gradually enlwge and acquire more solidity^ 
but always leave the fabric loose and un« 
frozen below* The icy crust which covers 
the rim, now. receiving continual accessions 
from beneath, rises perpendicularly by insen^ 
sible degrees. From each point on the rough 
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surface of the vessel, filaments of ice, like 
bundles of spun-glass^ are protnided, fed by 
the humidity conveyed through its substance, 
and forming in their aggregation a finjs sil- 
very surface, analogous to that of fibrous 
gypsum or satin-^pan . At the same time, 
another similar growth, though of less extent, 
takes place on the under side of the pan, so 
that continuous icy threads might appear 
vertically to transpierce the ware. The whole 
of the bottom becomes likewise covered over 
with elegant icy foliations. Twenty or thirty 
hours may be required to produce those sin- 
gular effects ; but the upper body of ice cpn- 
tinues to rise for the space of several days, 
till it forms a circular wall of near three inches 
in height, leaving an interior grotto lined 
with fantastic groupes of icicles. In the mean- 
while, the exfoliations have disappeared firom 
the uttder side, and the outer incrustation is 
reduced, by the absorbing process, to a narrow 
ring. The icy wall how suffers a regular 
waste from external erosion, and its fibrous 
structure becomes rounded and less apparent. 
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Of its altitude, however, it loses but little ht 
soQie time; and even a deposition of congealed 
films along its coping or upper edge, seems to 
take place, at a certain stage of the process. 
This curious effect is owing to a circumstance 
which, as it serves to explain some of ike 
grand productions of nature, merits particuf 
lar attention. The circular margin of the 
ice, being nearer the action of the sulpha- 
ric acid than its inner cavity, must suflfer, by 
direct evaporation, a greater loss of heat ; 
and consequently each portion of thin wt 
that rises from the low cavity, being chilled 
in passing over the colder ledge, must depo* 
site a minute corresponding share of its mois- 
ture, which instantly attaches itself and in- 
crusts the ring. Whatever inequalities ex- 
isted at first in the surface of the ice, will 
hence continually increase. 

This explication seems to throw some light 
on the origin of those vast bodies of ice which 
occur within the Arctic Circle, and which, 
towering like clustered peaks above the sur** 
face of the ocean, have received the name of 
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iceberg$4 They frequently project above an 
hundred feet, and must therefore have ten 
times as much depth concealed under wa- 
ter. To suppose them to have been de- 
tached from a solid field of such tremendous 
thickness, would seem utterly improbable. 
It may indeed be doubted, whether any part 
of the ocean be ever naturally frozen. The 
ice which I have formed from salt water by 
the frigorific process, was always ihcompact, 
inclosing brme within its interstices, and re- 
sembling the aspect of what is called water- 
ice, or dilute syrup congealed. Perhaps an 
extremely slow congelation, descending re- 
gularly from the surface, may press down the 
^ine particles, which are never absolutely 
detached from the water, and thus force them 
to combine mpre largely with the mass below. 
But even admitting this idea, it would be still 
required to account for the great elevation 
of those icy cliffs. The most satisfactory mode 
probably of eicplaining the phenomenon, is to 
refer it to the operation of a general principle, 
by which the inequalities on the surf9.ce of 
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tf field of ice must be constantly increflsed 
The lower parts of the field, being neaarer the 
tempered mass of the ocean, are not so cold 
as those which project into the atmosphere^ 
and consequently the air which ascends, be* 
coming chilled in sweeping over the eminen- 
ces, there deposites some of its moisture^ 
forming an icy coat. But this contimied in* 
crustation, in the lapse of ages, produces a 
vast accumulation, till the shapeless mass it 
at lengd. precipiU>ted by it, own weight 

Other natural phenomena will receive il* 
lustration from the facts disclosed by the le* 
frigerating process. In the rigorous climes 
of the north, the alternations of the seasons 
are most rapid. On the approach of sprii^ 
the thick fields of ice which, in Russia or 
Canada, cover the Neva or the St Lawrence) 
break up with overwhelming fury, accompani- 
ed too by tremendous explosions. Nor is this 
noise to be ascribed to the mere crash of the 
falling fragments. In those frightful climates^ 
the winter at once sets in with most intense 
frost, which probably envelopes the globules 
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of air separated from the water in the act of 
congelation, and, invading them on aU sidbs; 
reduces them to a state of high condensation. 
When the mild weather begins, therefore, to 
prevail, the body of ice, penetrated by the 
warmth,. becomes soft and friable; and the 
minute but numerously interspersed globules 
of imprisoned air, exerting together their con- 
centrated elasticity, produce the most violent 
explosive disruptions. 

' If we examine the structure of a hail-stone, 
we shall perceive a snowy kernel incased by 
a harder crijst It has very nearly the appearr • 
ance of a drop of water suddenly frozen, the 
particles of air being driven from the surfape 
towards the centre, where they form a spongy 
texture. This circumstance suggests the pror 
bable origin of hail, which is perhaps occar 
sioned by rain falling through a dry and very 
cold stratum of air. As the congealed drops 
arrive impregnated with cold at the milder 
atmosphere near the ground, they besides 
acquire, from external deposition, a sort 
of snowy in vesture. An experiment might 
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even be devised for illustrating 
Suppose a capillary funne!, iJirough which i 
little water would percolate so slowly as to 
drop only every two or three minutes, were 
placed at the top of a very tall and nanow 
receiver that has its air made extremely dij 
by the joint influence of rarefaction and ab- 
SQrption ; the successive drops would, in their 
descent, be fiozen into glpbules resembling 
hail. 

In rarefied hydrogen gas, the process of 
artificial congelation is performed with M 
greatter rapidity than in atmospheric air. JJo 
material advantage, however, can be 
from this property ; for, in the former me- 
dium, the cold actually excited is yet, under 
like circumstances, about a tenth part less. 
In performing this experiment, the apparatus 
is disposed m the usual mode and the air ex- 
tracted, and hydrogen gas being immediately 
introduced from a gazometer, the rarefiiction 
is again renewed. If this subtil gas dissodve 
a larger portion of moisture, it likewise com- 
municates to the exhaling sur&ce a corre- 
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sponding augm^ited nhare of faeat. Ice, cooi* 
£ned under hydrogen gas, at every degree of 
^hsnsity, wastes more than twice as fast b|^ 
evaporation, as undep common air of the 
same elasticity. 

But the combined powers of rarefaction and 
absorption are capable 'of generating much 
greater effects than the mere freezing of waten 
I have in winter, when the density of air m- 
eluded within a receiver was reduced to about 
the five hundredth part, excited, a cold of 
125 degrees by Fahrenheit's scale below the 
temperature of the room. In the fine season,, 
therefore, and with a better arrangement, a 
stiU more intense refngeration might no doubt 
be produced. Such fi-igorific energy, however, 
is at all times sufiicient for effecting the con- 
gelation of mercury. Accordingly, if mer^ 
cury, contained in a hollow pear*shaped piece 
of ice, be suspended by cross threads near 
a broad sur&ce of sulphuric acid under a 
receiver; on urging the rarefaction, it will 
become frozen, and may remain in that 
aolid state for the space of several hours. 
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But this very striking experiment, is easi- 
ly performed without any foreign aid. li^ 
ving introduced mercury into the large bulb 
of a thermometer, and attached the tube to 
the rod of a transferrer, let this be placed 
over the wide dish containing sulphuric add, 
in the midst of which is planted a very small 
tumbler nearly filled with water : After the 
included air has been rarefied about fifty 
times, let the bulb be dipped repeatedly into 
the very cold but unfrozen water, and again 
drawn up about an inch ; in this way, it will 
become incrusted with successive coats of icei 
to the thickness perhaps of the twentieth part 
of an inch : The water being now removed, 
the pendant icicle cut away from .the bulb^ 
and its surface smoothed by the touch of a 
warm finger, the transferrer is again replaced, 
the bulb let down within half an inch of the a^ 
cid, and the exhaustion pushed to the utmost: 
When the syphon-gage has come to stand u*- 
' der the tenth of an inch, the icy crust starts^ 
into divided fissures, and the mercury, having 
gradually descended in the tube till it reach 



TO HEAT AND MOISTURE, 157 

Its point of congdation, or 39 degrees below 
Dothing, sinks by a sudden contraction almost 
Into the cavity of the bulb ; and the apparatus 
being then removed and the ball broken^ the 
Enetal appears B« solid shining mass, th^ will 
bear the stroke of a hammer. 
- : . Such enormous jiowers of refri^ration 
seem to open a wide prospect of future dis- 
covery. If the machinery of the air pump 
3w^ere improved^— rif a fluid were selected more 
evaporable than water^ — and if an absorbent 
substratum were employed of greateif energy 
than sulphuric acid,— we might expect to 
produce effects that quite transcend the ordi*^ 
n&ry limits. Alcohol^ for instance, will, un-i- 
der like circumstances, cause by its evaporar* 
tion at least ten degrees on Fahrenheit's 
Bcale more cold than water } its fumes being 
constantly withdrawn frcmi the thin air, by 
the power of the same absorbents But the 
muriate of lime, though generally feebler in 
its action^ yet appears, at a certain state of 
preparation, to attract humidity more greedi^^ 
Ij than sulphuric acid^ Other deliquescent 
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substances will no doubt be found to poflseu 
similar^ and perhaps still higher^ powers of 
absorption. By those joint energies, exerted 
in vaporizing and again condensing, an ex- 
treme cold may be procured, capable of per« 
haps effecting new combinations amoi^ bo« 
dies. "Some liquids that have hitherto resist* 
ed congelation, will hence be frozen, and oer* 
tain gaseous fluids converted into liquids. 

But almost every practical object is attains 
ed, through far inferior powers of reft%er a * 
tion. Water is the most easily fioasen, by 
leaving it, perhaps for the space of an houij 
to the slow action of air that has been me- 
$ed only in a very moderate degree* This 
process meets with less unpediment, and Hie 
ice formed by it appears likewise mote cam^ 
pact, when the water has been already pmg* 
ed of the greater part of its combined air, d* 
ther by distillation or by long continued boil- 
ing. The water which has undergone such 
operation, should be introduced as quickly as 
possible into a decanter, and filled up close to 
the stopper, else it will attract air most greedi* 
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I ly, and' return nearly to its former state in the 
! course of a few hours. 
r Artificial congestion is always most com* 
I modiously penbrmed on a large. scale. Since 
; the extreme of rarefaction is not wanted^ the 
«r pump employed in the proce» admit, of 
being considerably simplified, and rendered 
Vtetly mpre expeditious in its openttioa: 
Two or three minutes at most will be 8uJ9SU 
dent for procuring the degree. of exhaustion 
required, and the combined powers of eviN 
poration arfd absorption wiU afterwards gr^ 
dually produce their capital effect. In general^ 
I prefer plates of about a foot in diameter, 
and which can be connected at pleasure with 
the main body of the pump. The dish hold- 
ing the sul{^uric acid is nearly as wide ft9 
the flat receiver; and a set of evaporating 
pans belongs to it, of different sizes, firom 
seven to three inches in diameter, which are 
severally to be used according to circum- 
stances. The largest pan is employed in the 
cold season, and the smaller ones may be 
successively taken as the season becomes sul- 
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try. On the whole, it is better not to over- 
strain the operation, and rather to divide the 
water under different receivers, if unusual 
powers of refrigeration should be required* 
As soon as the air is partly extracted from 
one receiver, the communication is immedi- 
ately stopped with the barrel of the pumpi 
and the process of exhaustion is repeated od 
another. In this way, any number of re^ 
ceivers, it is evident, may be connected with 
the same machine.. If we suppose but six of 
these to be used, the labour of a quarter of 
an hour Will set as many evaporating pans in 
fuU action, and may therefore in 1^ than an 
hour afterwards produce nearly six poiinds o£ 
solid ice. The waste . which the tvater sus- 
tains durmg this conversion is extremely 
small, seldom indeed amounting to the fif^ 
tieth part of the whole. Nor^ tiU after multi? 
plied repetitions, is the action of the sul- 
phuric acid -considerably enfeebled by its 
aqueous absorption. At first that diminu^ 
tion is hardly perceptible, not being the 
hundredth part when the acid has acquired 
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as mvxk as the tenth oi its weight of waters 
But such influence gains rapidly, and rises 
with accelerated progression^ When the 
quantity of moisture absorbed amounts to 
the fourth part by weight of the acid^ the 
power of supporting cold is diminished by 
a twentieth ; and after the weights of both 
these come to be equal, the refrigerating ener- 
gy i% reduced to less than the half Sulphu*^ 
ric acid is hence capable of effecting the con- 
gelation of more than twenty times its weight 
of water, before it has imbibed near an equal 
bulk of that liquid, or has lost about the 
eighth part of its refrigerating power. The 
acid should then be removed, and concentrat- 
ed anew by slow distillation. 

But though the freezing of water is always 

performed to the best advantage in a large 

^l^ratus, a limit will soon occur to the scale 

of magnitude. Since the efficacy of the process 

depends on the quick circulation maintained 

« 

between the opposite exhaling and absorbing 
surfaces, and consequently on their close 
proximity, the veiy extent of those surfaces 

M 
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must have a tendency to retard and enfeeble 
their operation. Accordingly, when, the 
earthen pan is unusually wide, the. central 
portion of its water, being most distant fiom 
the acid, seldom becomes firmly congealed 
The measure of cold produced, at the same 
temperature^ and with the same rarefaction, 
is determined^ by the mutual proportion of 
the humid atid of the absorbent substance. If 
the communication between them were quite 
instantaneous, the effect resulting from such 
contending powers would be an exact mean. 
But the humifying influence of the water and 
the desiccating action of the acid, are each of 
them greater in their immediate vicinity. Nei- 
ther does the evaporation, therefore, nor the 
subsequent absorption, take place to the M 
extent. In most cases, it will be sufficiently 
near the truth, to estimate the effect o]|i.# 
supposition that the surface of the acid were 
doubled, or that of the acid were reduced to 
the one half. Thus, if the differential ther- 
mometer, having its sentient ball incrusted 
with ice, in the rare medium, beside the acid, 
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Alone marked 300 degrees of dryness ; as- 
suming the humid surface to be only the 
fourth part of that of the absorbent, the action 
would be shared in the ratio of one to a half, 
or the dryness of the thin fluid encircling the 
water would reach but to 200 degrees, and 
occasion a depression of temperature of no 
more than 36 degrees on Fahrenheit's scale ; 
and if both the surfaces were equal, the ef^ 
fective dryness would be reduced to 100, and 
the cold resulting from the operation dimi^ 
nished fiom 54 to 18 degrees. 

When die exhaling and absorbing surfaces 
are rightly disposed and apportioned, the 
moderate rarefaction, from twenty to forty 
times, which is adequate to the freezing of 
water, may be readily procured by the conden- 
sation of steam. In all manufactures where 
the steam-engine is employed, ice may, there- 
fore, at all times be formed in any quantity, 
and with very little additional expenee. It is 
only required, to bring a narrow pipe from 
the condensing vessel, and to direct it along 
a range of receivers, under each of which the 
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water and the acid are severally placed 
These receivers, with which the pipe com- 
municates by distinct apertures, may, for the 
sake of economy, be constructed of castr-iron, 
and adapted with hinges to the rim of a 
broad shallow dish of the same metal5 but 
lined with lead to hold the acid. Other im- 
provements, of a practical nature, might easi- 
ly be devised, to suit particular objects. 

But the excessive dryness of the rare me- 
dium, exposed to the action of an absorbent, 
is capable of being usefully turned to other 
purposes, besides that of congelation. Birds 
and other small objects in natural history, if 
introduced within a receiver beside a body 
of sulphuric acid, would by rarefaction be- 
come, m a short time, most effectually dried, 
without suffering any derangement or injuiy 
of their parts, which the violent heat of an 
oven is apt to occasion. Some anatomical 
preparations might be managed in the same 
way. This process, indeed, exactly resem- 
bles what nature is said to perform on the 
bodies of those unfortimate pilgrims, who are 
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suddenly overwhelmed by tornadoes amidst 
the sandy and arid plains of Arabia. 

In a Similar way, could gunpowder be con- 
veniently brought to any required degree of 
dryness, without incurring the risk of those 
terrible explosions which so frequently hap- 
pen in the ordinary mode of operation. The 
powder and the acid being exposed in dis- 
tinct but communicating chambers, and the 
included air only slightly rarefied, might 
easily, by means of a simple machinery, be 
driven alternately from the one to the other, 
and thus made to transport and deposite its 
watery store. In some cases, without em- 
ploying rarefaction at all, it may be sufficient 
merely to force the air which has been dried 
by being confined with a body of sulphuric 
acid, to pass over the surface of the gunpow- 
der. But it would be premature to enlarge 
on a subject, which, from its general import- 
ance, seems to claim the consideration of our 
public Boards. 

The process which has been so fully de- 
scribed, for producing dryness, and thence the 
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cooliHg and congelation of water^ may be 
justly deemed an object of extensive utility. 
In tins island, the use of ice at table is con- 
sidered as a mere luxury ; but, in the hot 
climates, that practice is viewed in a very 
different light, as an indispensable necessary 
of life, and highly grateful and salubrious. 
The ancients were accustomed to cool their 
liquors during summer, by the infusion of 
pure snow carried down on purpose from the 
moimtains. But, about the middle of the fi^ 
teenth century, the method was discovered in 
Italy, of freezing water anew, by application 
of the superior cold produced from the miX'* 
ture of snow with salt or nitre. In the East 
Indies, great expence and attention are be* 
stowed, in procuring the refreshment of cool 
drinks. On the coast of Malabar, the air is 
generally too humid, for producing any con- 
siderable effect by evaporation ; but, in the 
interior of the province of Bengal, during 
the continuance of the dry season, when a 
piercing wind generally blows from the lofly 
mountains of Thibet, films of ice about the 
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thickness of a shilling or half-a-crown are ga- 
thered in the mornings from the surface of 
shallow earthen pans set close to the ground, 
in pits lin^d with the bamboo reed, and 
which have been filled the preceding evening 
with water previously boiled and again suf* 
fered to cool. These thin sheets of ice are 
immediately rammed together into a compact 
mass, and sent down, packed in ^ool, to Cal- 
cutta. But during at least four months pf 
the year, this resource totally fails ; and the 
settlers, deprived of their usual indulgence, 
then suffer from excessive languor. 

In the West Indies again, and the adjacent 
shores of America, our colonists are, at all 
times, left without any such relief, to assuage 
the burning heats . of a pestilent climate. 
Even at home, ice-houses often fail in their 
construction, and are seldom found to an- 
swer in the southern m^ lye^tern districts, 
such as Devonshire and Cornwall. To pro- 
cure ice, therefore, independent altogether of 
the disposition of the sky, is a benefit of no 
small importance. A minute fragment of ice 
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will yet be sufiicient in melting to chill' a very 
large body of water. But the cold affusion has 
been employed with the happiest success at 
certain stages of fever. Cooling draughts 
may, in many cases, too, be administered with 
obvious advantage ; and though medical wri- 
ters are _not always consistent either with 
themselves or with nature, the uniform be- 
lief and experience of whole nations suffi- 
ciently establish the utility of the applicatimi 
of cold, both externally and internally, in a 
wide variety of disorders which assail the hu- 
man frame. It may not therefore be too 
much, perhaps, to expect, that an enlighten- 
ed and provident government will be dispos- 
ed to encourage the introduction of refrige- 
rating machines into our military hospitals in 
the tropical climates, and likewise on board 
Indiamen and the larger ships of war. 
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J must now close this lengthened tram oi- 
investigation. Without entering much mto 
detail, I have endeavoured to exhibit the prin- 
cipal facts and reasonings in a compress^ 
form. It wiU therefore not be judged super- 
fluous, perhaps, in conclusion, to take a con-^ 
cise retrospect of the whola 

The various effects of heat are deducible 
from the operation of a peculiar subtle fluid, 
probably the same as light, which combiner 
with bodies in very different proportions. 
Hydrogen gas contains the largest share of it, 
•and mercury comparatively the smallest. This 
heat is primarily derived from the incidence 
of the solar rays, but distributed on the earth' 
by a very unequal allotment, according to the 
obliquity which the surface of our globe pre^ 
sents to the sun in the different latitudes. The 
original inequality, however, is greatly redu- 
ced, by that perpetual, though indirect commu- 
nication, which is maintained by the motion 
of the atmosphere between the poles and the 
equator. The currents from the south con- 
vey warmth into the northern regions, and 
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the opposite currents, in their tutn, transport- 
ing cold, serve to mitigate the burning heab 
witliin the tpopic*. From this fact, combined 
with tlie supposition, that such a mutual trans- 
fer is, by the agency of oblique winds, effect- 
ed completely twice every year between the 
poles and the equator, the mean temperature 
of any place, at the level of the sea, may be 
derived by calculation, agreeing remarkably 
nearly with the results of actual observation. 
Again, the cold which prevails in the higher 
spaces of the atmosphere is occasioned by 
a similar but far more speedy communication, 
supported between the lower arid upper strata. 
Thin air, by its constitution, holds a compa- 
ratively larger share of heat Any portion of 
the ambient medium that ascends from the 
surface must have its temperature diminish- 
ed, and the corresponding portion which falls 
down will, as to sense, become warmer. In 
consequence of the rapid and complete inter- 
change which obtains, the same absolute 
measure of heat exists at all heights- in the 
atmosphere, and its apparent decrease pro- 
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ceeds wholly from that enlargement of capa- 
city which the attenuated fluid acquires. 
Theory here corresponds exactly with obser- 
vation. 

Heat is not only distributed among bodies 

V 

in various proportions, but it spreads through 
them with very different degrees of celerity. 
Through dry wood or eiderdown it works its 
way with extreme difficulty ; yet, through the 
dense substance of silver, it travels with a 
rapid progress. In solid bodies, heat is con- 
ducted by means of a repeated transfer, each 
portion in the train of communication being 
successively affected, and always delivering 
its surplus warmth to the next portion in ad- 
vance. But, in liquids, the mode of diffusion 
is more complex ; and besides the successive 
transfer of heat qlong the extended mass, a 
much larger expenditure is produced, by the 
continual migration of the heated parts of the 
medium. In the gaseous or elastic fluids^ 
again, there is combined another and most 
unexpected element of dispersion. A part 
of the heat discharged from a warm body is 
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always darted to a distance by a sort of rapid 
vibratory commotion, exerted, like the im- 
pression of sound, on the ambient air. This 
portion, emitted from a surface of glass or 
paper, will in general amount to half of the 
whole expenditure ; but, from a bright me- 
tallic surface, it is about ten times less. A 
vitreous surface, on the other hand, wiD, if 
opposed to the tide of heat, receive nearly 
the whole impression, while one of polished 
metal will detain only the tenth part, reflect- 
ing back all the rest. To this curious and 
interesting branch of the subject of heat, I 
have particularly directed my researches ; 
and the application of the differential ther- 
mometer, which was contrived to indicate the 
smallest changes in the temperature of its 
communicating balls, has proved a safe and 
easy guide in tracing out some of the more 
recondite properties of matter. A variation of 
that instrument, called the pyroscope^ and 
having one of its balls gilt, is especially fit- 
ted for such examination. The peculiar ef- 
fects exhibited, seem to proceed from ttose 
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different degrees of contact which must ob- 
tain between the air and the surface of glas$ 
or of metal, the approximation, and conse^ 
quently the impression received or commu- 
nicated, being much greater in the former 
than in the latter. 

Different bodies not only contain heat in va- 
rious proportions, but undergo mutations in 
that respect at every change which occur in their 
txjnstitution or internal arrangement. Water 
is subject to striking alterations in its affinities 
to heat In the form of ice, it holds a tenth 
part less heat than before ^ but, in the state of 
steam or vapour, it contains above a half more 
than it did in its liquid condition. Hence 135 
degrees of heat by Fahrenheit's scale are e- 
volved in the act of congelation, and 945 ab- 
sorbed in the conversion of water into steam. 
Evaporation from a humid surface, therefore, 
makes it colder. But to this depression of 
temperature there is an evident limit, when the 
encircling air communicates, by its contact, 
exactly as much heat as it absorbs, in unit- 
ing with the quantity of vaporized moisture. 
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sufficient for its saturation. The cold thus 
induced, hence marks the dryness of the am- 
bient medium. On this principle, I have 
constructed the hygrometer, which promises 
to become an instrument not only usefiil to- 
wards the extension of philosophy^ but of 
great service in the improvement of the arts 
and manufactures. It derives elucidaticm 
from comparison with the atmometer, whicfai 
though grounded on simpler data, is yet sus- 
ceptible of considerable delicacy. 

Heat and moisture, in all their relations^ 
appear to follow th^ same laws. If rarefiu> 
tion enlarges the capacity of air for heat, it 
likewise communicates an increased power 
of containing humidity« The higher r^ons 
of the atmosphere are hence colnpAratiyely 
drier than the lower, or, at the stfme tempe- 
rature, they would have a greater effect on the 
hygrometer. Iti ascending, therefore, thiMe 
elevations, the continual diminution of heat 
augments at first the dampness of the air, till 
we reach its extreme limit, or the ordiiMtry 
seat of the clouds, above which the effect of 
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attenuation begins to predominate ovei" the 
cold, and the air grows progressively drier 
and clearer, till at length it melts away in the 
resplendent fields of ether. 

The power of air to contain or dissolve 
moisture is augmented by heat in a rapid 
progression^ doubling for each rise of tempe- 
rature corresponding to 27 degrees on Fahren- 
heit's scale. When two parcels of humid air 
at different temperatures are mingled to- 
gether, the mean temperature of the com- 
pound being, therefore, unable to hold their 
aggregate moisture, disencumbers itself of 
the surplus load. If this commixture be pro- 
duced by the meeting of opposite currents in 
the atmosphere, a very considerable deposi- 
tion may take place. When the humidity is 
slowly parted with, it remains suspended in 
the shape of fogs or clouds ; but when it is 
more copiously detached, it forms rain or hail. 
Snow is caused by the freezing of the minute 
aqueous globules at the instant of their pre- 
cipitation, but hail seems to derive its origin 
from the congelation of jthe large accumu- 
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lated drops in their subsequent descent 
through a cold and dry stratum of air. 

Most of the softer substances are disposed 
to attract moisture with various degrees of 
force. On this property, is founded the con- 
struction of all the hygroscopes whidh . ha^e 
been at different times proposed. Even the 
earthy bodies, if previously heated before a 
strong fire, and kept stopped in glass decanters^ 
have a power to abstract moisture from the 
confined air, and therefore to render it artifi-^ 
daily dry. Cultivated soils possess eminent, 
ly the same disposition, and which appears 
the more conspicuous in proportion to their 
fertility. 

The concentrated sulphuric acid and the 
powdered muriate of lime, particularly the 
former, are on the whole the most energetic 
and lasting absorbents. But air which has 
been desiccated by their operation, is fitted^ 
through its invigorated powers of evaporation^ 
to excite greater cold. Hence water or other 
liquors mayat all times be considerably cool-^ 
ed, and with very little trouble or expenee. 
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But far more intense cold is created, by 
combining the power of an absorbent with 
that of rarefaction. If water in a small porous 
pan be set above a wide surface of sulphuric 
acid» and covered by a low receiver from 
which the air is mostly extracted, it will soon 
coBgealf and will remain in that frozen state 
for a very long time, till the ice become in- 
sensibly wasted away by a continued process 
of evaporation. A sort of invisible aerial dis- 
tiUation is carried on under the glass ; for 
the thinness of the medium and the absence 
of atmospheric pressure, occasion nearly the 
same effect on the humid substance, as the 
application of fire alone. The steam exhaled 
from the surface of the pan is conveyed to 
the acid, where it condenses and gives out its 
component heat. After the ice has been 
formed, the same circulation is still maintain- 
ed. Heat is indeed merely transferred from 
the exhaling to the absorbing surface ; and 
the solid cake remains considerably colder, 
while the sulphuric acid is kept always warm- 
er, than the atmosphere of the room. A tem- 

N 
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perature many degrees below the point of 
freezing water can thus be procured at all sea- 
sons. The congelation of merctlry has already 
been effected by this process ; and ailer re- 
ceiving farther extension and improvement, 
it may no doubt come in time to be applied 
to a variety of the most useful and beneficial 
purposes in life. 
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(d^ The different Instruments and McuJiines 
described in this Tracts are to he hadj of the 
most ax^curate and perfect constructiony from 
Mr CAUYy Optician^ London^ and from Messrs 
Miller ^ Adie^ Edinburgh. 



DESCRIPTION OF THE PLATE. 



Fig. 1. exhibits the Differential Thermometert consisting of two connected 
tubes, terminated with nearly equal balls, containing air, and having interposed 
between them a portion of sulphuric acid tinged with carmine. When both 
balls are of the same temperature, the liquor remains steady ; but if the one on 
the right hand become warmer than the other, the liquor will sink prop(»iJoii- 
ally in the stem. The degrees marked on the attached scale, correspond to 
thousandth parts of the interval of heat between freezing and boiling water. 
If the left hand ball be gilt with silver leaf, the instrument is converted into 
a Pyroscope, which measures the quantity of heat dafted by the medium of 
air^ from a wanner surface. 

Fig. 2. and 5. represent the Photometer, the former being portable and 
protected by an exterior wooden case, and the latter intended to be statumary* 
In both of them, the ball which receives the calorific impression of li^t is 
formed of black enamel, and the irregular influence of vdnd is entirely pre- 
cluded, by means of a case of very clear glass. 

Fig. 4. shows the thin porous cup, first used to serve the purposes of an hy- 
grometer, and which had accompanying it a mercurial thermometer open at 
top, with a small reservoir to hold the surplus quicksilver. 

Fig. 5. and 6. exhibit the Hygrometer, the former being stationary, and 
the latter portable, and protected by a case of wood or ivory, as in fig. 2. 
One of the balls consists of blue glass, and the other, which contains the sup- 
ply of coloured liquid, is covered with some folds of tissue paper under a coat 
of azure silk. This covered ball being wetted and exposed to evaporation, the 
liquor soon marks, by its descent in the opposite stem, the dryness of the air. 
In fig. 5. the instrument is kept ^n constant action, being fed with moisture 
by help of capillary threads. 

Fig. 7. shows the Hygroscope : the thin tapering bulb, turned out of ivoiy, 
and having a glass tube inserted, is filled with quicksilver. When the atmo- 
iqihere grows drier, this shell of ivory, by losing its moisture, contracts and 
squeezes up the quicksilver in the stem, where it marks on the attached scale 
the quantity of variation in thousandth parts of its whole volume. The un- 
eqmd divisions placed on the opposite side of the tube indicate the corres- 
pondence of the instrument with the correct hygrometer. 

Fig. 8. represents the Atmometer, an instrument designed to measure the 
quantity of evaporation, by the descent or waste of a column'of water. It con- 
sists of a ball ^thin porous earthen- ware, to which is cemented a wide glass 
tube, bearing divisions which correspond each to the measure of a film of wa- 
ter that would cover the external surface to the thickness of the thousandth 
part of an inch. These balls are elegantiy formed, by my direction, at the 
celebrated manufactory of Etruria in Staffordshire ; and I have lately received 
some, only an inch in diameter, and of the. most delicate execution. 

Fig. 9. exhibits the process of artificial congelation in its most powerful 
form, the water contained in a porous pan being set above a wide bason hoMl- 
ing sulphuric acid. 

Fig. 10. is an oblique view of the freezing of water, as effected in a glass 
cup after its humid surface has been exposed to the action of the rarefied air, 
by tlie drawing up of a lid. 



